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ABSTRACT

Over 3000 m of mid-Ttertiary Cascade circ volcanics are exposed in the
Tiitiberwolf Mountain cirea of Washington's central Cascade Range.

Arc

rocks of the Chanapecosh, Stevens Ridge, and Fifes Peak Formations overlie
the Jura-Cretaceous Rimrock Lake inlier and sparse late Eocene(?)
sedimentary rocks.

Geochemical analyses of meta-basalts frcm the Russell

Ranch and Indian Creek catplexes that coiprise the inlier indicate an
island-arc or iirmature continental volcanic-arc tectonic environment for
the inlier.
Ihe early to mid Oligocene Chanapecosh Formation is corprised of two
facies within the study area.

Distal, water-lain andesitic to dacitic

lapilli-tuffs of the Wildcat Creek facies unconformably overlie Eocene
sediments (and, in places, Jura-Cretaceous basement) and are gradational
with proximal andesitic flows and lapilli-tuffs (debris flows?) of the
Timberwolf Mountain facies.

The change frcm distal to proximal facies

indicates that an eastward migration of vents (frcm the type locality near
Mt. teinier) occxjrred during upper Onanapecosh deposition.
Rhyolitic Stevens Ridge-equivalent rocks, informally named the tuff
sequence of Rattlesnake Cre^, disconformably overlie upper Ohanapecosh
tuffs.

This tuff sequence may have been derived in part frcm eruptions

that led to the collapse of the Mt. Aix caldera, several kilcmeters west
of the study area.

Ash flews frcm the upper portion of the Rattlesnake

Creek sequence are interbedded with andesitic flows frcm two Fifes Peak
volcanoes.
Major and trace element analyses frcm a dissected Fifes Peak
Formation shield volcano at Timberwolf Mountain and frcm Tieton Volcano (a
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Fifes Peak Ponnation stratovolcano centered south of the study area)
suggest that the volcanoes had a similar magmatic history.

Whole rock

K/At dates fran a flow frcm the basal portion of the shield volcano at
Tiniberwolf Mountain and frcm a flow within the Tieton Volcano apron
yielded ages of 24.0 + 0.8 Ma eind 26.0 + 0.8 Ma, respectively.

An

ancmalous, yet reproducible, age of approximately 8 Ma for a hyperstheneaugite andesite flow remnant at Timbervolf Mountain indicates late Miocene
or Pliocene arc activity within the iirmediate vicinity of the study area.
The volcanic and magmatic evolution of the central Cascades is
reflected by the differing eruptive styles and rock ccmpositions of the
Chanapecosh, Stevens Ridge, and Fifes Peak Formations.

Three stages of

evolution are recognized that correspond to the above formations.

Stage 1

consists of the deposition of thick sequences of andesitic tuffs
originating frcm numerous vents (the Oianapecosh Ebrmation Stage).

Stage

2 corresponds to the eruptive style of the rhyolitic Stevens Ridge
Formation; this stage is characterized by voluminous rhyolitic eruptions,
with seme associated caldera collapses.

Stage 3 err^ions of Fifes Peak

Formation volcanics produced andesitic volcanoes that were intimately
associated with Stage 2 rhyolitic, caldera-forming, eruptions.

Abundant

andesitic magmas of the Ohcinapecosh Stage may have resulted frcm large
volumes of basaltic magma underplating the upper crust and fractionating
into less-dense andesitic melts.

Continued underplating of the upper

crust probably induced partial melting of the overlying crustal material,
producing limited volumes of silicic melts (Stevens Ridge Stage).
Andesitic eruptions of the Fifes Peak Stage punctuated Stage 2 eruptions
vvhen rhyolitic melts were depleted.
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INTBDDUCTiaSf

Oligocene volcanic rocks of the Cascade magmatic arc are the primary
rock-types exposed within the south-central Cascades of Washington,
i^proximately 1200 m of volcanic and volccinical ly-derived rock fran the
Chanapecosh, Stevens Ridge, eind Fifes Peak Formations are exposed in and
around the study area of Timbervrolf Mountain; the above-named units crop
out discontinuously in the central Cascades fran approximately Snoqualmie
Pass to the Columbia River in Washington.

Cascade arc rocks are underlain

in this vicinity by upper Jurassic to lower Cretaceous basement and
isolated remnants of v^jper Eocene(?) fluvial sediments.

Upper Miocene or

Pliocene volcanics locally overlie or intrude the mid-Tertiary Cascade circ
rocks within the map area.
Mid-Tertiary volcanic rocks of the Cascade arc within the Timberwolf
Mountain area of the south-central Cascade Range had not been mapped in
detail prior to this study.

The Timbervolf Mountain area lies between

three areas of detailed mapping, vhich are extensively cited in
appreciate sections of the text; the Icxations of these studies eire:
Nelson Butte (Schreiber, 1981), White Pass (Clayton, 1983), and the Tieton
River area (Swanson,

1964,

1978) (Fig. 1).

Stratigraphic,

structural,

geochemical, and chronologic data frcm rock units within the study eirea of
this report help constrain the volcanic (and seme of the pre-volcanic)
history of Timberwolf Mountain and adjacent areas within the Cascade
Range.
This report is divided into sections by rock unit, beginning with the
pre-Tertiary basement rock and finishing with upper Tertiary volcanic
rocks of the map area.

Petrographic, structural, and geochanical

1
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Figure
1:

Location of map area showing the study areeus of Swanson
1978), Schreiber (1981), and Clayton (1983).

(1964,

relations are described within each stratigraphic section (see Table of
Contents).

SunnHtions of these features will apjpsear in the Summary and

Discussion section.

PURPOSE
nie purpose of this research was to map the rocks of the Tirabervolf
Mountain area, define the stratigraphy of the Cascade arc rocks within the
study area, describe the geochemical and petrographic characteristics of
rock units within the study eirea, correlate these rocks with other units
outside the study area (particularly in the Nelson Butte, White Pass, and
Tieton River areas), and interpret the petrogenesis of the volcanic units
within the study area in relation to the magmatic evolution of the Cascade
arc.
Reasons for undertaking this paroject were as follows:

(1) the

Timberwolf Mountain area had never before been mapped in detail and lies
between three well-studied areas [the Nelson Butte area (Schreiber, 1981),
the White Pass area (Clayton,
1964,

1983), and the Tieton River area (Swanson,

1978); see locations of these study areas in Figure 1];

(2)

stratigraphic correlations between the above localities of detailed mapping
were lacking; and (3) geochemical and chroiologic data for mid-Tertiary rocks
of the central Cascades

vere sparse and primarily limited to rocks of the

Fifes Peak Formation within the Cliffdell area (Carkin,

1988).

GEOGRAPHIC SETTING
Timberwolf Mountain is located within the Cascade Range appiroximately
40 ]<m east of Mt. Rainier and about 50 km northwest of Yakima, Washington
(Fig. 1).

The map area contains about 50 square kilometers within the

Timberwolf Mountain and Rimrock Lake 7 1/2' quadrangles and is bounded on
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the north and west by Rattlesnake Creek and to the south by the crest of
Bethel Ridge (Plate 1).

Ihe eastern boundary is defined by the eastern

edges of the Tiinberwolf Mountain and Rimrock Lake quadrangles.
The map area lies between State Highways 12 (White Peiss) and 410
(Chinook Pass) and is peurtially within the William 0. Douglas Wilderness
Area.

The eastern portion of the area is readily accessible through

U.S. Forest Service roads (particuleurly road #1500) and logging spurs.

A

network of pack trails and numerous game trails provides access to most
arecis in the Rattlesnake Cre^ drainage along the western margins of the
Tiitiberwolf Mountain area.
Elevations vary fran 1949 m at Tiinberwolf Mountain and 1983 m at
Burnt Mountain to 915 m in the bed of Rattlesnake Creek.

The northern

slopes of Bethel Ridge (in the southern portion of the map area) cure
densely forested at lowsr elevations.

The western flank of Timberwolf

Mountain, however, affords several thousand feet of excellent, though
rugged, exposure.

Timberwolf Mountain and Bethel Ridge are accessible

fran late May or early June thrcugh late October.

REGION GEOLOGY

Itock systems in the south^central Cascades reflect the evolution of
volcanism in the range, frcm exposures of Jurassic-Cretacecus basement
through voluminous mid-Tertiary to Recent volcanics.

Rock units and

structural features of the central Cascades are described below, frcm
oldest to youngest (for a location map of the central Cascade Range, see
Figure 2).

A composite stratigrapic section of rocks within the map area

is shown in Figure 3.
Highly tectonized, catmonly low-grade metamorphic rocks of the
Rimrock Lake inlier are the southern-most exposures of pre-Tertiary rock
in Washington and crop out primarily in the vicinity of Rimrock Lake.
The inlier is ccitposed of the Indian Creek ccrplex (Miller, 1985a) and the
Russell Ranch complex (Miller, 1985a) [equivalent to the Russell Ranch
Formation of Simmons (1950) and Ellingson (1972)].

Indian Creek rocks are

packages of Jurassic plutonic rociks and gneiss of island-arc affinity
(Miller, 1987; Rimrocik Lake inlier Section, this report) and are separated
by thin belts of pillowed greenstone from the late Jurassic to early
Cretaceous Russell Ranch units.

The Russell Ranch ccitplex is a highly

shecired, disccxitinuous, sedimentary assemblage ccrposed of arkose,
mudstone, chert, and lenses of greenstone.

The Russell Ranch and Indian

Creek units form a northwest-trending belt separated by Tertiary volcanics
from the Jurassic-Cretaceous rocks of the Easton Schist (Stout,

1964) and

the Ingalls Ccnplex (Miller, 1985b), approximately 50 km and 90 km north
of the study area, respectively.

The meta-sedimenteury sequence of the

Russell Ranch ccnplex hcis been correlated with similar exotic metasediments exposed in the San Juan Islands

5

(Miller, 1987; the Northwest
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Figure 2:

Locaticxi map of the central Cascades.

TIMBERWOLF MOUNTAIN AREA STRATIGRAPHY

MIOCENE

TIMBERWOLF MTN. ANDESITIC AND
DACmC FLOWS, FIFES PEAK FM.

TIMBERWOLF MTN.
INTRUSIVE COMPLEX
BRECCIATED ANDESITIC FLOWS AND
DEBRIS-FLOW DEPOSITS, BETHEL RIDGE
FACIES, FIFES PEAK FM.

TUFF SEQUENCE OF
RATTLESNAKE CREEK

ui

z
UJ
o
o

INTERBEDDED LAPILLI TUFFS AND
ANDESITIC FLOWS OF THE TIMBERWOLF
MTN. FACIES, OHANAPECOSH FM.

o

o

5
flC
<

WILDCAT CREEK FACIES,
OHANAPECOSH FM.

UJ

SANDSTONE AND CONGLOMERATE
OF ELKHORN CREEK

JURA-CRETACEOUS

EOCENE

ROCKS OF THE RIMROCK LAKE INLIER:
INDIAN CREEK COMPLEX
RUSSELL RANCH COMPLEX

Figure 3:

Ccr^site stratigraphic section of rock units within the study
area.
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Cascades system of Brown, 1987) and on Vancouver Island [the Pacific Rim
Carplex (Brcwn, 1987)1.

The Rimrock Lake inlier has been proposed to have

been a structural high during the Oligocene that inhibited deposition of
the CJhanapecosh Ebrmation in the eastern portion of the central Cascades
(Clayton, 1983).
Fluvial systems deposited continental ly-derived sediments during
the late Eocene in this segment of the Cascades before the initiation of
the Cascade arc at approximately 42 Ma (Wells and others, 1984).
small remnants of these rocks exist within the study area.

Chly

The largest

exposed section, located in the bed of Sumnit Creek west of the Cascade
crest, is composed of interbedded sandstone, conglomerate, and basalt
flows (Clayton, 1983; Vance and others, 1987).
are the Lookout Creek sandstone (Schreiber,

Similar sedimentary units

1981) and the sandstone and

conglomerate of Spencer Creek (aranson, 1964, 1978).

A welded rhyolitic

tuff, dated at around 42 Ma (Vance and others, 1987), underlies
01igocene(?) sandstone of Spencer Cre^, conformably overlies Bocene(?)
conglomerate, and unoonformably overlies Russel 1 Ranch and Indian Creek
rocks in the Tieton River area (Swanson,

1978).

Thick accumulations of

Eocene sedimentary and volcanic rocks occur about 60 km to the north of
the study area in the vicinity of Cle Elum and Snoqualmie Pass; lower
Eocene crkosic rocks of the Swauk Formation, middle Eocene volanics of the
Teanaway Formation, fluvial sedimentary rocks of the middle to upper
Eocene Roslyn Formation, and the sedimentary and volcanic rocks of the
upper Eocene to 01igocene(?) Naches Formation are disrxipted in the above
vicinity due to the ccxtibined affects of Straight Creek fault displacement
and tectonism associated with the Olynpic-Wal Iowa lineament (Tabor and
others, 1984).
Andesitic to dacitic flows and tuffs of the Chanapecosh Formation
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(Fiske, 1%0, 1963; Fiske and others,

1963) represent early Cascade arc

eruptive activity and eire primarily exposed west of Tiraberwolf Mountain in
and around Mount Rainier National Pcurk.

Lapilli tuffs and andesite flows

are the dcniinant rock types of the Formation in the type area (Fiske,
1960, 1963) and are dated as uppermost Eocene to upper Oligocene by zircon
fission-track methods (Vance and others,

1987).

Over 3000 m of

Qhanapecosh rocks are present within the type area (Fiske and others,
1963); basal deposits of the lanit eure interbedded with uppermost Eocene
sandstoies and conglctnerates of Summit Creek, east of the National Park
boundctry (Clayton, 1983; Vance and others, 1987).

The original top of the

Chanapecosh Formation is not seen in the vicinity of Mt. Rainier but may
exist to the east near Mt. Aix and Tiitiberwolf Mountain (CSianapecosh
Formation Section,

this report).

Unconformably overlying Chanapecosh rocks in many areas near Mt.
Rainier are the rhyolitic volccinics and volcaniclastics of the Stevens
Ridge Formation (Fiske and others, 1963).

Volcaniclastics predominate

along the flanks of Mt. Rainier with rhyolitic pumice-lapilli ashflows
ccmposing much of the lower part of the Formation.

Topographic relief

during Stevens Ridge deposition appears to have been considerable, as
demonstrated by the highly variable thickness of the Formation.
Ihe Fifes Peak Formation concordantly overlies and is conformable
with Stevens Ridge rocks.

Andesitic flows and volcaniclastics of the

Fifes Peak Formation have limited exposure within the Mt^ Rainier National
Park area.

The thickest exposures are present to the east of the Cascade

crest with well-documented stratigraphic sequences located in the
Cliffdell and Fifes Peak area (Carkin, 1985, 1988) and in the Tieton River
area (Swanson,

1964,

1966,

1978).

The Fifes Peak is composed of the flows
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and cxjalescing aprcans of small shield and stratx>-volcanoes, such as Tieton
Volcano (Swanson, 1966) and the Titriberwolf Mountain shield volcano
(Shultz, 1987; this report).

Fifes Peak volcanism spanned the late

Oligocene to eeurly Miocene (see Hartman, 1973; Vance and others, 1987;
Carkin,

1988; Chrcxiology Section, this report).

In the late Oligocene or Miocene, a series of andesitic stocks
intruded the mid-Tertiary volcanics and Jurassic-Cretaceous basement of
the study area.
microdiorite,
1978).

Dikes and plutonic bodies are ccrtiposed of diorite,

and porphyritic pyroxene or hornblende andesite (Swanson,

Many of the larger intrusions south of the study area are

northwest-trending, approximately parallel to a series of high-angle
normal faults in the vicinity of Burnt Mountain, and were probably
erplaced during the same episode of tectonism (Swanson,

1964).

Numerous

dikes neeir the Burnt Mountain faults, in contrast, trend east-west,

TVo

small plutons at the east end of Rimrock Lake (Goose Egg Mountain and
Westfall Bocks) are probably joined at depth (Swanson, 1964,

1978).

The

andesitic and dioritic bodies intrude rocks as young as the Fifes Peak
Formation but were probably in place before the mid-Miocene when Grande
Ronde flews of the Columbia River Basalt (Swanson and others, 1979) lapped
onto Fifes Peak volcanics frem the eaist (Swanson,

1978).

A few isolated exposures of upper Miocene or Pliocene(?) basaltic,
dacitic, and andesitic flows exist north (Schreiber,
(Swanson,

1964,

1978) of the study area.

1981) and south

An isolated occurrence of an

i:5)per Miocene andesite flow lies within the Titriberwolf Mountain area (this
report).

These upper Tertiary flows are only seen on present-day ridge

crests, suggesting a topographic inversion since the time of their
original deposition (Schreiber,

1981).

Initiation of the anticlinal

structure which forms Bethel Ridge may have occvirred around this time.
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possibly related to tectonism along the Olyrpic-Wal Iowa linean\ent (Faisz,
1945; Kienle and others,

1977).

The Mt. Fainier and Mt. Mams strato-volcanoes, the Goat Rocks
volccinic centers, and numerous small cinder cones of the Tumac Plateau are
representatives of Quaternary volcanism in the central Cascade Range.
Goat Rocks area was the source of the Tieton Andesite (Shdth,

The

1903;

Becraft, 1950), an intercanyon flow of Pleistocene age (Swanson, 1964,
1978) v^ich partially filled an old channel of the Tieton River incised
through rocks of the Rimrock Lake inlier, the Fifes Peak Formation, and
the Columbia River Basalt.

Cinder cones such as Tumac Mountain and

Spiral Butte blanketed the Tumac Plateau region with pyroclastic deposits
and minor flows (Clayton, 1983).
Pleistocene glaciation has substantially modified the present
topography of the Cascades.

The Tieton River valley, Mt. Aix, and Bismark

Peak cire three exanples of glaciated features near the study areeu

Sane

recent volcanic features of the Tumac Plateau may be post-glacial (Abbott,
1953; Clayton,

1983).
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METHODS

Field work was conducted fran July to Ortober of 1986 and during July
cind August of 1987.

Mapping was done on a scale of 1:24,000 using U.S.

Geological Survey Tin±>erwolf Mountain (1971) and Rimrock Lake (1967)
quadrangles.

Reconnaissance studies outside of the map area primarily

involved the Tieton Basin (1967) and Meeks Icible (1971) 7 1/2' quadrangles
and the VJhite Pass 15' quadrangle.
Samples for geochemical analyses eind dating were gathered during the
suiiner and fall of 1986 (a trondhjemitic drill core frcm the eastern
portion of the Indian Credc ccnplex was supplied by Daryl Gusey, geologist
for the Naches Ranger Station, Wenatchee National Forest).
trace element anaylses for 30 Tertiary

cind

Major and

16 pre-Tertiary samples were

obtained by the x-ray fluorescence (XRF) facility of Washington State
University under the direction of Dr. Peter Hocper.

Three samples of

andesitic flows were sent to Dr. Richard Anmstrong at the University of
British Columibia for whole rock K/Ar dating.
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THE KEMROCK LftKE INLIER

INTRODUCTICN
Pre-Tertiary basement rock of the study airea is carposed of the late
Jurassic to early Cretaceous rocks of the Rimrock Lake inlier.

Ihe inlier

is in turn ccrposed primarily of meta-sediments of the Russell Ranch
ccrplex and rocks of the Indian Creek complex with lesser volumes of metavolcanics (Miller, 1985a, 1987).

The primarily low-grade metamorphic

rocks of the inlier are the southern-most exposures of pre-Tertiary rock
in Washington (Vance and others, 1987) and have been ccmpared to rocks of
similcir ages and lithologies in the Northwest Cascades system of Brown
(1987).

The inlier also appears to be quite similar to Jurassic-

Cretaceous melange assemblages about 100 km to the north of Rimrock Lake
in the central Cascades (Frizzell and others, 1987).

Eocene and Oligocene

rocks on the flanks of the inlier dip radially away fircm it (Vance and
others, 1987).

Inherited Precairibrian zircon within mid-Tertiary volcanics

(Vance and others, 1987) and xenoliths of andesine-gamet-quartz schist
from intrusives at Burnt Mountain (Swanson, 1964, 1978) indicate that
additional accreted (continental?) terranes possibly underlie the Mesozoic
arc and arc-derived rocks of the inlier.

INDIAN CREEK COIPLEX
Rocks of the Indian Creek ccitplex (Clayton, 1983; Miller, 1985a,
1987) are believed to represent the roots of a Jurassic magmatic arc
(Miller, 1987).

The Peninsula tcxialite (Swanson, 1964) and Hindoo Cre^

orthogneiss (Schreiber, 1981) are also included within this unit.
Plutonic rocks have ccmpositions ranging frcm gabbro to trondhjemite, with
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an average cxn^xDsition of tonalite (Miller, 1985a); early mafic plutonics
were intruded by the voluminous tonalite (Miller, 1987).

Amphibolite, or

possibly epidote-anphibolite, facies metamorphism was broadly synchronous
with Plutonic events (Miller, 1987).
A metamorphic age of Late Jurassic, or around 155 Ma (Mattinson,
1972), was obtained for amphibolite of the catplex.

Detrital zircon fran

mid-Tertiary tuffs overlying tonalite in the southeastern portion of the
inlier yielded an age of approximately 137 Ma (Vance and others, 1987),
vhile zirocn separated fran an Indian Creek ccmplex tonalite has a
fission-track age of about 132 Ma (Clayton, 1983).

If un-reset, the

approximately 130 Ma dates on tonalite indicate that a substantial period
of time (about 20 m.y.) elapsed between the time of aitphibolite-grade
metamorphism of mafic plutonics and the intrusion of the tonalite within
the cotiplex.

Foliated and gneissic rocks of the carplex, however, appear

to be deformed, metamorphosed equivalents of directionless plutonic rocks
of the ccmplex and are gradational with them (Miller, 1985a).
TVo northr-trending belts of Indian Creek rocks are in fault
contact with Russell Ranch sediments and meta-basalt exposures.

Foliation

in the Indian Creek coiplex (striking NNW) is slightly discordant to the
fault contacts.

Mylonites are present adjacent to seme near-vertical

fault contacts (Miller, 1987).

Faulting is bracketed between Early

Cretaceous and Eocene (Schreiber, 1981; Clayton, 1983) by Eocene sediments
which depositionally overlie the subvertical, faulted contacts between
Indian Creek and Russell Ranch rocks within the inlier.

META-VOLCANIC ROCKS OF THE INLIER
Meta-basalt (pillowed greenstone) and silicic (andesitic and dacitic)
meta-volcanics are relatively abundant within the Rimrock Lake inlier.
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Altered and tectonized pillow basalt comonly forms lenses within
sediments of the Russell Ranch carplex and conposes relatively thick belts
between Russell Ranch and Indian Creek rocks (Fig. 4).

Diabase dikes

intrude tcaialite of the Indian Cre^ carplex in the eastern portion of the
inlier (reconnaissance mapping for this report; Miller, personal
camunication).

Intrusive contacts of seme dikes with the

tonalite are sheared.

The diabase dikes possibly fed the pillow basalts,

vhich were apparently deposited on a weathered surface of tonalite in the
eastern Indian Creek belt.

The contact between the tonalite and

pillow basalt of the eeistem Rimrock Lake inlier therefore appears to have
been depositional, at least in peirt; later episodes of faulting were then
apparaitly concentrated along depositional (pillow basalt) and intrusive
(diabase dike) contacts.

Strongly deformed meta-volcanics occur at

several localities within Russell Ranch sediments (primarily north of the
map area near IVin Sisters Lakes).

Ihese rocks have an unknown

relationship to the rest of the inlier (Clayton, 1983; Miller, 1985a).

RUSSELL RANCH CCMPLEX
Uie Russell Ranch cotplex (Miller, 1985a, 1987) is a highly deformed
assemblage of meta-sediments, chert, pillowed greenstone lenses, and meta
tuff of low metamorphic grade.

Previous workers (Simmons, 1950; Swanson,

1964, 1978; Ellingson, 1972; Clayton, 1983) referred to the lonit as the
Russell Ranch Formation.

The Russell Ranch cotplex was divided into

clastic and chert-tuff subunits by Miller (1985a).

The clastic subunit

contains lithic arkose, mudstone, conglomerate, chert, meta-basalt, and
rare meta-tuff; sandstones were derived from a dissected arc, with
turbidite facies suggestive of deposition on an inner fan or the inner
part of a mid-fan (Miller, 1987).

Olistroscmal limestone-boulder breccia
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Figiore 4:

Ptoto of pillowed meta-basalt, eastern portion of Rimrock Lake
looking northeast. The Westfe.ll Bocks microdiorite
intrusicai is at left; Bethel Ridge is at center skyline.
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occvirs rarely within the clastic subunit (Ellingson, 1972; Miller, 1985a).
The chert-tuff subunit contains abundant chert, relatively cottmon meta
tuff, and lesser volumes of sandstone and mudstone (Miller, 1985a).
Radiolarian cherts have been dated as upper Jurassic, or possibly lower
Cretaceous (Clayton, 1983), vhile fusilinids froti olistrosonal limestone
were found to have a probable Permian age (Ellingson, 1972).

EXPOSUPES WITHIN THE MAP AREA
Within the map area, rocks of the Rimrock Lake inlier are only
exposed north of Burnt Mountain in the upper Rattlesnake Creek drainage
(Plate 1).

Only sedimentary rocks of the Russell Ranch ccnplex (probably

the clastic subunit) were observed.

Exposures are poor, and thus the unit

was mapped as undifferentiated Rimrock Lake inlier.

However, sediments

presumed to be the clastic subunit of the Russell Ranch ccnplex were
observed and collected along a trail on a northwest-trending ridge at an
approximate elevation of about 1500 m (Plate 1).

Bocks of the inlier are

better exposed north of Rattlesnake Cre^ (Schreiber, 1981; Miller, 1985a)
vhere they are overlain by probable upper Eocene continental ly-derived
fluvial sedimentary rocks (the Lookout Creek sandstone of Schreiber,
1981).

Inlier rocks in the map area are overlain by ipper Eocene (?)

fluvial sandstones and conglctnerates (sandstone and conglcmerate of
Elkhom Creek) (Plate 1).

The contact between the Jurassic-Cretaceous and

overlying Icwer to middle Tertiary units (sediments of Elkhom Cre^ and
tuffs of the Chanapecosh Formation) is covered (Plate 1), but it is
prctoably an angular unconformity.
Weakly metamorphosed sediments (Russell Ranch ccntplex) beneath the
sandstone and conglcmerate of Elkhom Creek are lithic arenites composed
of meta-volcanic, chert, plutonic, meta-sediraentary (mudstone?), and
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schistose deists, plus abundant tvdjined plagioclase and mono- and poly
crystalline qucirtz fragments.
well sorted.
chlorite.

Clasts are subangular to subrounded and

Low-grade metamorphic minerals present are epidote eind

Meta-sediments of the Rimrock inlier within the map area are

not strongly sheared and were apparently only affected by brittle, rather
than ductile, deformation.

Intense shearing observed south of the map

area necir Rimrock Lake seems to be caicentrated in meta-basalt units and
along contacts.

GHXHEMISTRy
Introduction
Sixteen samples from the Rimrock Lake inlier were analyzed for major
and trace element abundances by x-ray fliorescence, as listed in appendix
I.

Rock types sanpled were meta-basalts, foliated and unfoliated gabbroic

rocks, tonalites

cind

trondhjemites, a felsic dike from the Indian Cre^

coiplex, the mafic band of

cin

orthogneiss, a meta-tuff and a tectonized

meta-volcanic from the Russell Ranch cenplex (sample locations are listed
in i^pendix II).

Meta-basalt samples were obtained from eeistem and

western greenstone belts, from tectonized lenses within the
clastic and chert-tuff subunits of the Russell Ranch catplex, and fron a
diabase dike at the eastern margin of the inlier.

A mafic layer from an

orthogneiss north of Clear Lake consistently plots near the meta
basalts on tectonic-environment-descrimination diagrams and is probably a
tectonized, attenuated meta-basalt unit or dike imibricated with bands of
foliated plutonic rock.

Discussion
Tectonic discrimination diagrams suggest several possible

18

environments of formation for igneous rocks of the Rimrock Lake inlier,
with geochemical analyses of six meta-basalt samples providing the most
useful constraints.

Meta-basalts of the inlier were apparently derived

frcm a relatively undepleted mantle source (Fig. 5); meta-volcanics,
gabbros, and tonalites, in corpcurison, probably originated frcm a depleted
magma source, vAiich would be expected within a volcanic aurc envircaiment.
Meta-basalts plot primarily as within-plate tholeiitic basalts (WPT)
and volcanic arc basalts (VAB) on the Nb-Ti-Y diagram (field C of Fig. 6).
A diabase dike (sample # WP 10-4-2) intruding an Indian Creek ccnplex
tonalite is the sample plotted in the within-plate alkali basalt (WPA) and
within-plate tholieiite (WPT) field of Figvire 6.

A tectonized meta-basalt

lens within the Russell Ranch ccnplex (#WTRR 8-26-3A) lies in the VAB and
N-type MORB field (D of Fig. 6), as does the mafic layer of a gneiss frcm
the Indian Creek ccnplex (#WTRR 8-26-8).

Meta-basalts of the inlier,

therefore, could possibly have formed in either a volcanic arc or a
within-plate (ocean island or continental) environment, given the
constraints of the Nb-Zr-Y ternary diagram.

Additional ternary plots of

inlier meta-basalts also suggest a within-plate ocean island or
continental environment or possibly an ocean-floor basalt influence (Fig.
7).

TBCTCNIC EMVIRDNMENT OF THE RIMROCK LAKE INLIER
Geochemical discriminations of samples frcm the Rimrock Lake inlier
suggest that meta-basalts of the inlier prcbably formed in an oceanic
island-arc environment or as a very immature continental margin-arc
assernblage.
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2 Nb

Figiire 6:

Nb-Zr-Y tectcxiic discrimination diagram (after Meschede, 1986)
of meta-basalts from the Rimrock Lake inlier [elemental values
expressed in parts per million (ppn)]. WPA: within-plate
alkali basalt; WPT: vdthin-plate tholeiite; VAB: volcanic arc
basalt.
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Ti/100

Figure 7:

Tectonic setting discrimination of meta-basalts fran the
Rimrock lake inlier using the Ti-Zr-Y diagram of Pearce and
Cann (1973). WPB: within-plate basalt? LKT: Icw-K tholeiite;
OFB: ocean floor basalt; CAB; calc-alkaline basalt.
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A pcassible tectonic history for the inlier is as follows:
(1)

Mid to Late Jurassic;
body.

Biplacement of a gabbroic to dioritic plutonic

Gabbroic intrusives may be the plutonic roots of pillcw-basalt

feeder dikes.

(2)

Late Jurassic;

Ai^hibolite metamorphism of plutonic rocks of the

Indian Creek cotplex occurs in the late Jurassic [approximately 155
Ma (Mattinson, 1972)].
(3)

Late Jurassic to Early Cretaceous:

Deposition of sediments of the

Russell Ranch ccnplex, including formation of radiolarian cherts
[upper Jurassic or lower Cretaceous (Clayton, 1983)] and inclusion of
rare olistrosanal limestone blocks of Permicin age (Ellingson, 1972).
Pillow basalts, silicic volcanics, and water-laid tuffs were
deposited periodically; pillcw basalts were probably more voluminous
with earlier Russell Ranch deposition, vhile tuffs and silicic
volcanics possibly were more abundant in later stages of accumulation
of Russell Ranch sediment.
Voluminous intrusion of tonalite and felsic dikes into the mafic
plutonic body of the Indian Creek ccnplex [around 132 or 137 Ma
(Clayton, 1983, and Vance and others, 1987, respectively)], broadly
acccnpanied by felsic dike enplacement.

Tonalites are possibly the

plutonic equivalents of meta-volcanics and meta-tuffs of the inlier.
(4)

Early or Late Cretaceous(?);

Low-grade metamorphism of Russell Ranch

ccnplex sediments and volcanics, possibly acccnpanying shearing and
deformation of Russell Ranch and Indian Creek rocks.

Tectonic (or

cataclastic?) formation of orthogneiss frcm mafic and plutonic Indian
Creek rocks was possibly coeval with deformation (and accretion??)
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BOCENE(?) SANDSTC»JE AND CXM3LCMEFATE

CP ELKHOFN CREEK

INTROXXZTiasr
Elocene rcxdcs of the central Cascades in the vicinity of the map area
are generally found to dip radially away frcm the margins of the
structxaral done of the Jurassic-Cretaceous Rimrock Lake inlier (Vance and
others, 1987).

Fluvial sediments from the upper portion of the thick

Sunmit Creek section are interbedded and gradational with volcaniclastics
of the Chanapecosh Etormation (Vance and others,

1987).

A sequence of

upper (?) Etocene subaerial basalt flows along the upper North and South
Forks of the Tieton River

also appears to be conformably overlain by the

Chanapecosh Formation (Vcince and others, 1987).

Elsevhere, such as in the

study curea, i5>per(?) EJocene rocks are in fault contact with or are
overlain by equivalents of the Chanapecosh Formation with an eingular
unconformity (Schreiber, 1981; Swanson, 1978; Walsh and others,
Ihe sandstone of Lookout Cre^ (Schreiber,

1987).

1981) lies about 2 km west

of Timbervolf Mountain, vhile around 30 m of unnamed sandstone and
conglomerate crop out about 10 km south of the map area along Spencer
Creek (Swanson, 1964, 1978).

Fluvial scindstone and conglcmerate of the

study curea near Elkhom Creek (Plate 1) eure probably coeval with these
other upper Eocene(?) sedimentary rocks.

Elkhom Creek and Lookout Creek

rocks unoonformably overlie rocks of the Rimrock Lake inlier, as does a
welded rhyolitic tuff [about 42 Ma (Vance and others, 1987)] south of the
map curea, exposed at the mouth of the South Fork of the Tieton River
(Sv^anson, 1978).

Two relatively extensive stratigraphic sections of

Eocene basalt and fluvial sediments exist at Surnnit Cre^ (approximately
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25 km west of the study area) and the upper drainage of the North Pork of
the Tieton River (about 30 km southwest of study).

However rocks of

equivalent age are rare in the imnediate vicinity of the study cirea (Vance
and others,

1987).

ELUVIAL SEDIMENTS WITHIN THE MAP AREA
Sandstone and ccx^glonerate exposed north of Burnt Mountain near
Elkhom Creek in the western portion of the map area (Plate 1) are
tentatively assigned a late Eocene age on the basis of similarity to other
fluvial, continentally-derived sedimentary rocks of probable late Eocene
age in the south-central Cascade Range.

Similar sedimentary rocks at

Lookout Creek (Schreiber, 1981) and Spencer Creek (Swanson,

1964,

1978)

are canposed of clasts derived frcm the meta-sedimentary and
meta-igneous pre-Tertiary rocks of the Rimrock Lake inlier.

Fluvial rocks

of the Elkhom Cre^ eirea occupy approximately the same stratigraphic
position as other known Eocene exposures outside of the map area.
Elkhom Cre^ sediments are parctoably in excess of 100 m thick.
Exposure is poor but the unit appeairs to deviate ftrcm the generally
radiating dip observed by Vance and others (1987) in other Eocene rocks
alcffig the margins of the Rimrock inlier done.

The deviation, however,

could be a result of intense faulting and displacement in this portion of
the map area (Plate 1).

The unit also apjpears to be truncated by

northwestern-trending faults near Elkhom aind Shell Creeks (Plate 1).
Elkhom Creek rocks overlie meta-sediments of the Rimrock Lake inlier and
underlie lapilli tuffs of the upjper Chanapecosh Formation (Wildcat Creek
facies?).

Contacts cure covered but angular unconformities probeibly exist

between older and yoimger rocks and the sediments of Elkhom Creek.
unit is also intruded by an andesitic body (Plate 1) of probable mid-
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01igcx:ene age (this intrusion is further described in the Undifferentiated
Andesitic Intrusions section).
The Eocene sedimentary facies of the map cirea appear to be carposed
primarily of material fran ccaitinental, pre-Cascade arc (Rimrock inlier?),
sources.

The rounded to subrounded, well-sorted clasts caiposing the

conglcmerates are typically p^ble- to cobble-sized, with or without a
fine sand matrix.

Sandstone facies are primarily conposed of coarse sand-

size grains, although p^bly lenses are ccrrmon.
occur locally.

Carbonized wDod fragments

A platy parting camonly parallels bedding in both

sandstone and conglomerate exposures.

PETROGRAPHy
Ihe coarse-grained lithic arenite of the Elkhom area is carposed of
meta-basalt clasts, abundant meta-tuff and phyric meta-volcanics, and
less camion meta-sedimentary, meta-plutonic, and chert fragments. Isolated
grains of plagioclase and quartz are also relatively abundant.

Sane

basaltic and felsic volcanic (rhyolitic?) clasts look relatively unaltered
and may be fran a neeurly coeval Eocene, rather than Jurassic-Cretaceous,
source.

Clasts eure well-rounded and moderately well-sorted.

The matrix

is carposed primarily of yellow-brown clays (derived fran devitrified
volcanics?) and calcite.

THE OiANAPECOSH PORMATICN

INTRCDUCnON
The Chanapecosh Formation is a sequence of over 300 m of lower
Oligocene andesitic to dacitic volcanics that have undergone zeolitic
alteration and generally mild deformation.

Basal volcaniclastics are

interbedded vdth qpper Eocene quartzose sandstone and conglomerate of
Sunmit Cre^ (Clayton, 1983; Vance and others, 1987).

The top of the

sequence is not exposed in the type section in Mt. Rainier National Park
(Fiske and others,

1963) but on the basis of zircon fission-track ages

that range from early to late Oligocene (Vance and others, 1987), it may
be present in the Mt. Aix and Timbervolf Mounteiin areas.

A palecmagnetic

study of exposures near the type Oianapecosh and frcm correlative rocks in
southwestern Washington found that a clockwise rotation of 33.5° + 14° had
apparently occurred, as well as slight northward translation, during postEocene time (Bates and others,

1981).

Two facies frcm approximately the

middle to upper Chanapecosh Formation crop out within the study area;
well-bedded andesitic to dacitic lapilli tuffs of the distal Wildcat Cre^
facies (Svsanson, 1964, 1978? Schreiber, 1981), vyhich grades upward to
chaotically-bedded tuffs and andesite to dacite flews of the paroximal
Timberwolf Mountain facies.
Lapilli tuff is the predeminant rock type of the formation.

Both

subaqueous and subaerial origins have been postulated for Chanapecosh tuff
deposits, with early interpretations favoring deposition by turbidity
currents along the flanks of sutmerged volcanoes (Fiske, 1963? Swanson,
1964, 1978).

In the type cirea, thick localized accumulations of andesite
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flews may have prciipted seme workers (Clayton, 1983; Vance and others,
1987) to suggest periodic episodes of coeval subaerial volcanic activity.
lb the west of the map area, the Chanapecosh Formation overlies
Bocene(?) sandstone and conglcmerate of Elkhom Creek.

Schreiber (1981)

mapped Wildcat Creek beds that overlies and are in fault contact with
Eocene(?) lockout Cre^ sandstone immediately west of the study area-

The

base of the Wildcat Creek facies is not exposed in its type locality
(Swcinson,

1964,

1978) nor within the study area.

of the study area are overlain with

Ihe Qianapecosh facies

pronounced to slight unconformity by

rhyolitic rocks of the tuff sequence of Rattlesnake Cre^ and may be
overlain unccmformably by (and in fault contact with—see Plate 1)
andesitic flews of the Fifes Peak Formation, although the actual contacts
are covered (Plate 1).

Siraileurly, rhyolitic tuffs and flows of the

Stevens Ridge Formation, with which Rattlesnake Cre^ tuffs are probably
correlative (see tuff sequence of Rattlesnake Creek) discordantly overlie
the Chanapecosh Formation near Mt. Rainier (Fiske and others, 1963).

TSiK) facies of Onanapecosh-type rocks crop out within the map area; an
idealized stratigraphic section of Chanapecosh rocks of the study area
apjpears in Figure 8.

The older, or Wildcat Creek facies (Swanson,

1964,

1978), is carposed of gently-dipping, graded tuffs of uniform thickness
that are several hundred meters thick in their type locality.

Wildcat

Creek tuffs are prcAably equivalent to the mid-Chanapecosh and may
represent a distal facies of subaqueous deposition in a small, isolated
basin (&«anson,

1964,

1978).

Interbedded tuffs and andesitic flows of the

younger Timberwolf Mountain facies and similar, though disrupted, units of
the Mt. Aix volcanic conplex are presumed to be upper Chanapecosh. These
rocks possibly represent a higher stratigraphic position than that exposed
at the top of the type section (discussed below).
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Undulatory, possibly

Figure 8;

Idealized stratigrc^ic section of middle to i^Jper Qianapecosh
Pormation facies within the stxidy area. Wildcat Creek graded
tuffs average 5 m thick. Timbervolf Mountain facies debrisflow(?) deposits are approximately 10 m thick; andesitic flews
range from 1 to 10 m thick.

29

scxxared, bedcJing surfaces and the extranely unsorted nature of tuffaceous
deposits (probably debris flows), in addition to the occurrence of
andesitic flews in the Timberwolf facies, au:e indications of relatively
close proximity to the eruptive sources.

Wildcat Creek and Tirribervolf

Mountain facies are apparently gradational and reflect the evolving
Chanapecosh eruptive activity that produced them.
Alteration of Chanapecosh rocks north of Mt. Rainier was studied by
Hartman (1973) and found to be related to diagenetic devitrification and
hydrothermal activity associated with Miocene intrusions.

Low-grade

metamorphic assemblages include zeolite and prehnite-punpel lyite facies
(Hartman, 1973).

Early Cascade arc volcanics of the CSianapecosh Formation

are general ly more pervasively altered and deformed than the discordantly
overlying Stevens Ridge equivalents and Fifes Peak units.

WILDCAT CREEK FACIES
Tuffaceous rocks of Wildcat Creek, as described by Swanson (1964,
1978), can be subdivided into three units.

The lower unit contains

thinly-bedded tuffs and fluvial volcaniclastics with thin coal interbeds.
An overlying unit of graded tuffs and intercalated thin-bedded tuffs
(several cm to Im thick) is separated fran this lowsr volcaniclastic unit
by a pumice-lapilli cish-flow deposit [approxinately 10m thick; thicknesses
firem Swanson (1964)].

Thick graded tuffs of the i:5)per meiriber form several

prominent exposures in the Wildcat Creek drainage and at Burnt Mountain.
Exposures in the map area are limited to Burnt Mountain and northeast of
Timberwolf Mountain in the Rattlesnake Creek drainage (Plate 1).

Wildcat

Creek rocks, however, cire well ejqxosed to the north of the map area on the
eastern shoulder of Nelson Butte (Schreiber,

1981).

Graded tuffs are 1 to &n thick and generally have a dense, relatively
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thin (several can), lapilli-rich base of eindesitic lithic fragments.

Blue-

green accretionary lapilli, averaging 1 can in cJiameter, cxxmonly occmr
above this base anc3 are easily observe<3 on weatherec3 surfaces.
Devitrified glass fragments cxitprise the bulk of the fine-grainec3 tcps of
these gracJecJ tuffs.
Petrography of the Wil<3cxit Creek rocks was discussed in detail by
Swanscai (1964; in brief,
described here.

1978) and by Schreiber (1981) and will not be

Fare vertibrate fossils have been found within Icwer

Wildcat Creek units (Swanson,

1964,

1978).

Wildcat Creek facies environment of deposition
Swanson (1964) suggested that the Icawer unit of the Wildcat Creek
tuffaceous rcxdcs vas formed frcm fresh and rewcrked volcanic material
transported by fluvial systems frcm the northwest to southeast and
deposited in the sutxnerged Wildcat basin; between deposition of the lower
and t^jper members, a pumice-rich (probably subac^eous) ash flew was
deposited in the basin.

The thin tuff beds vhich make up a minor portican

of the vi^jper unit were inferred to be similar to deposits observed in the
type Chanapeexash Formation, but the Wildcat Creek beds show more evidence
of cnorrent acation.

Thick graded beds of the upper Wildcat Creek unit were

thought by Swanson (1964) to be the result of sulxtarine pyroclastic flews
such as those described in the type Chanapeexash Formation by Fiske (1963)
and the demonstrably si±marine flews in Japan studied by Fiske and Matsuda
(1964); the only substantial difference between those deposits and the
Wildcat Creek rcacks are the lapillistone bases (framework-supported bases
of lithic lapilli) present in the Wildcat Creek rcacks.

Source vents for

Wildcat Creek tuffs were presumed by Swanson (1964) neat to be in the
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inriediate Wildcat Creek area because of the absence of vent-facies lavas
and coarse debris flow deposits.
Field vrork in the MJB trail area (Plate 1) has shown the existence of
a relatively thick sequence of andesitic flows and coarse lapilli tuffs,
unlike tuffs of the Wildcat Cre^ facies, that appeeir to be proximal,
neeir-vent deposits (the Tiitiberwolf Mountain facies of the Qhanapecosh
Formation; see disciassion below).

Similar medium-grained lapilli tuff

also crops out northeast of Burnt Mountain, overlying Bocene(?) fluvial
sandstone and ccsiglanerate.

Areas north of Burnt Mountain and in the

lovver MJB-Rattlesnake Creek vicinity possibly contain a vent that provided
material for subaqueous pyroclastic flows and minor associated turbidity
currents, filling the gradually s\±>siding Wildcat basin.

Another small

basin with similar tuff deposits possibly existed in the area of Nelson
Butte, north of Timbervolf Mountain (Wildcat Creek rocks mapped by
Schreiber, 1981).

Wildcat Cre^ sources probably also included vents

further west and northwest of the study area.

TIMBEFWaLF MOUNTAIN FACIES
Lapilli tuffs and fine-ash tuffs interbedded with andesitic flews
cerprise the Timberwolf Mountain facies of the Ciianapecosh Formation.
Undulatory bedding surfaces and the presence of andesitic flows
demonstrate the narked change of depositional style between the TirtiberwDlf
Mountain and the earlier Wildcat Creek facies.

Timberwolf deposits are

laterally extensive like Wildcat Creek rocks, but definitely lack the
striking uniformity of the Wildcat Cre^ facies.

Nearly all of the

Timberwolf facies in the map area are comprised of thick exposures at
Timberwolf Mountain and to the south along the western end of the MJB
trail into the Rattlesnake Creek drainage (Plate 1).
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The best exposed

section is in an approximately 1 square kilaneter area on the northwest
slope of Timberwolf Mountain.

The Tiitiberwolf facies is probably similar

to disrupted Chanapecosh rocks described by Schreiber (1981) within the
Mt. Aix Volcanic Ccxtplex.

A slight disconformity between the Tiitiberwolf

Mountain facies and overlying silicic rocks of the Rattlesnake Cre^ tuff
sequence on the NW face of Timberwolf Mountain (see Plate 1) suggests that
these Timberwolf Mountain deposits may be an upper portion of the
Chanapecosh that is not exposed in the type section; CSianapecosh rocks
there are overlain with a pronounced angular unconformity by silicic rocks
of the Stevens Ridge Formation (Fiske and others, 1963).

Description of lapilli tuffs and andesitic flows
Prctoable debris-flow deposits on the northwest face of Timberwolf
Mountain are very poorly sorted, ungraded, and matrix-supported lapilli
tuffs.

Lapilli to block-sized clasts of andesite and rhyolite(?) are

abundant.

Clasts are angular to subangular in shape.

Andesitic blocks

are cotimonly 0.3 to 0.5m in diameter; vhite rhyolitic clasts generally
range frcm 1 to 10 an in length.

Andesitic clasts may have been derived

fran underlying beds during erx^ytions; no source, however, for the
rhyolite clasts has been identified.
accreticxiary lapilli

Pumice was not abundant and

were not observed.

Crude columns approximately 1 to

1.5 m in diameter occur in a lapilli tuff bed along the ridge crest north
of elevation 5603 (Plate 1) on northwestern Timberwolf Mountain.

Coarse,

platy fractures in the columns dip approximately 20*^ to the northeast and
southeast.

Beds are ccmmonly euround 10 m thick.

Finer, moderately well-sorted lapilli tuffs (averaging 3 m thick) are
more canmon south of Timberwolf Mountain at the MJB locality (Plate 1).
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Lapilli are cantonly 0.5-1.0 an in diameter; larger clasts of porphyritic
andesite about 2 on in length are less cotinon.

Broken, pale green

accretionary lapilli are present though not as abundant as in Wildcat
Creek tuffs.

Lapilli tuffs are less prevalent at the MJB locality than at

northwestern Tinibervolf Mountain.
Andesitic and dacitic flews of the upper Chanapecosh Formation's
Timberwolf Mountain facies are porphyritic and have crude columnar
cooling structures.

Flows are thin (1-3 m thick) eind subordinate to tuffs

NW of Timberwolf Mountain.
area.

Rare dacitic flows are also present in that

In catparison, andesitic flews of the MJB locality are relatively

thick (5-10 m) and are much more abundant than lapilli tuffs; no dacitic
flows were observed at this locality.

Major and trace element analyses

for a dacitic and an andesitic flow frem northwestern Timberwolf Mountain
appear in Table 1.

Timberwolf Mpuntain facies petrography
Lapilli tuffs;

Lapilli tuffs are cenposed predeminantly of andesitic

lithic fragments, though tuff fragments, pumice, and felsic volcanic
(dacitic to rhyolitic) lithic fragments eure doninant cenponents of seme
deposits.

Basalt and felsic plutonic fragments are minor lithic

constituents.

Whole and broken plagioclase and quartz eiihedra (and rare,

altered mafics—orthopyroxene?) are cerntnon modal constituents of a typical
tuff.

Lithic and crystal fragments are set in a fine matrix of ash and

unidentifiable cryptocrystalline minerals.

Lithic fragments are usually

subrounded to subangular.
Andesitic fragments are of three types;
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(1) fine-grained fragments

TABLE 1.

MAJOR AND TRACE ELEMENT ANALYSES FOR TWO TIMBEFWQLF MOUNTAIN
FACIES (UPPER OHANAPECOSH) FLOWS

Saitple #;
Ocr^xjsition;

TM 8-12-3
dacitic

MAJOR
ELEMENT
SI02
TI02
AL203
FE203
FED
MNO
MGO
CAD
NA20
K20
P205

(WT%)

NORMALIZED
TO 100%

TRACE
ELEMENT

(WT%)
(64.44)
(1.02)
(16.15)
(0.65)
(5.29)
(0.07)
(1.83)
(3.72)
(3.24)
(1.81)
(0.34)

65.38
1.03
16.39
0.66
5.37
0.07
1.86
3.77
3.29
1.84
0.34

TOTAL:

NTM 10-14-3
andesitic

(56.60)
(1.42)
(17.66)
(0.90)
(7.31)
(0.18)
(1.54)
(6.93)
(3.75)
(1.06)
(0.44)

57.89
1.45
18.06
0.92
7.48
0.18
1.57
7.09
3.84
1.08
0.44

(98.56)%

NORMALIZED
TO 100%

(PEM)

(PPM)

NI
CR
SC
V
BA
RB
SR
ZR
Y
NB
GA
CU
ZN

16.0
67.0
370.0
66.0
281.0
222.0
32.0
13.0
20.0
35.0
31.0

4.0
3.0
26.0
90.0
510.0
31.0
347.0
253.0
42.0
20.0
22.0
41.0
83.0

A
F
M
Q
M
L

39.17
14.19
46.64
56.47
5.85
37.68

32.81
10.50
56.69
52.69
8.93
38.89

Note;

4.0
—

Un-normalized data listed in parentheses.
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(97.78)%

with a pilotaxitic to scmevhat trachytic groundmass (vesicular in places);
(2) porphyritic fragments with plagioclase and altered mafic phenocrysts
in a pilotaxitic to hyalopilitic groundmass; and (3) coarse-grained
(plutonic?) fragments of intergrown plagioclase (subhedral to ahhedral and
equant) with interstitial chlorite (as suthedral to anhedral pseudonorphs
after altered mafics).

Typically the porphyritic and fine-grained lithic

varieties are the most numerous andesitic ccrponents; coarse-grained
andesite fragments may have been ripped fron the conduit or magma chamber
wall during eruption.
Silicic volcanic lithic clasts camionly have felsitic textures with
few or no small plagioclase and quartz phenocrysts.

Mafic grains (relict

pyroxene?) cure generally rare, though cubic opaque minerals are not
uncarmon in lithic fragments.

These siliceous lithics have a trachytic

groundmass with abundant feldspar laths.

Tuffaceous fragments are

cormonly fine-grained recrystallized vitric tuffs, though lithic tuff
clasts are also relatively canton; sane vitroclastic textures atre
preserved. Typically, long-tube pumice shards are elongate (parallel to
tube direction) and may or may not contain euhedral plagioclase crystals.
Ldthic material of felsic plutonic or basaltic coipositions is much
less canton than andesitic or tuffaceous conponents.

Fragments of silicic

plutonic rock are primarily corposed of polycrystalline quairtz with
intergram plagioclase and monocrystal line quartz; these fragments may
have been derived fron tonal itic rocks of the Rimrock Lake inlier, vhich
presumably underlies the study area and is exposed west of Rattlesnake
Creek.

Basaltic fragtnents have a distinctive intergranular texture with

altered interstitial pyroxene grains.
Plagioclase, either as phenocrysts in lithic fragments or as isolated
crystals within the lapilli tuff matrix, is often heavily sericitized with
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sane accorpanying se<X)ndary epidote and calcite.

Pervasive epidote and

calcite r^lacement of plagioclase occiars in sane tuffs.

Andesitic (and dacitic) flows;

Andesitic flows of the Tiitibervolf

Mountain facies are porphyritic and typically have pilotaixitic grcunditiass
textures.

Trachytic or hyalopilitic textures are also abundant, with

cryptocrystalline chloritic and calcaureous material filling voids between
plagioclase microlites.

Pare dacitic flows neeir the top of the Titribervrolf

section are characterized by sparsely porphyritic and fine felsitic
textures.

Sane flows have airygdules of chloritic minerals or radial

clusters and concentric layers of clay minerals.

Plagioclase is the most

cannon phenocryst and is usually less altered than mafic minerals.
Original mafics were probably hypersthene and augite.

Sane euhedral

(usually cubic) opaque minerals, parobably magnetite, appecir to represent
p>rimary crystallization within sane flews.
Quartz grains within dacitic flows are anhedral to subhedral, mostly
equant, lack noticeable embayments, and comionly are relatively small
(0.25-0.5nm in diameter).

Dacitic samples may also have included

hornblende, as inferred fran isolated diamond-shaped pseudanorphs of
chloritic aggregates.
All flews exhibit sane degree of deuteric alteration of parimeiry
mineral constituents in addition to devitrification of volcanic glass.
Plagioclase in sane saitples is almost conpletely altered to calcite and
epidote.

Phenocrysts less cenmonly show heavy sericitization without

accessory epidote or calcite.

Virtually all mafics have been altered to

uralite, chlorite, and iron oxides (+ calcite).
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Remnants of clinopyroxene

surrcxjnded by alteration minerals occur in seme samples.

Timberwolf Mountain facies environment of depositicai
Tbe cocurse lapilli tuffs of the Tirnberwolf Mountain facies

were

prciably deposited as debris flows on a semev^t irregulcu: depositional or
eroded topographic surface.

Lapilli tuffs are poorly sorted,

unstratified, and matrix-supported; these characteristics are catpatible
with those of debris-flow deposits (Ehiith, 1986).

Possible subaerial

depxosition is irdicated by the irregular depositional surfaces within the
Timberwolf Mountain fecies and by the development of crude columns within
debris or pyroclastic flews, requiring a relatively high temperature of
enplacement and slow rate of cooling (cf. Fisher and Schmincke,

1984).

Fine-grained vitric tuffs do not contain the accretionary lapilli so
prevalent in Wildcat Creek deposits, vhich may indicate subaerial
conditions in many of the erupjtions that produced the Timberwolf facies
(see following discussion on subaerial vs. si±>aqueous deposition of
Chanapecosh rocks).

Seme lapilli tuffs of the lower MJB locality,

however, do display broken accretionary lapilli.
Andesitic flows within the Timbervolf Mountain facies, in addition to
coarse debris flow deposits, indicate that these upper CJhanapecosh rocks
are much closer to vent areas than the earlier Wildcat Cre^ phase.
Relatively thick accumulations of andesitic flows (with subordinate
tuffececus rocks) south of Timberwolf Mountciin at the MJB locality
strongly suggest the psresence of an Oianapjecosh vent in the surrounding
curea.

Nc vent was recognized, but this may be due to lack of accessible

exposures within the area.

The presence of andesitic flows and debris

flews within both the Tiiriberwolf ^fountain facies and disrupted Chanapecosh
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equivalents within the Mt. Mx volcanic conplex are an indication that the
flow-producing vent or vents could be several kilcroeters further west of
Tiitiberwolf Mountain.
The TiniberwDlf ttountain facies of the upper Chanapecosh Formation was
probably erupted and deposited during a phase of primarily subaerial
activity.

This more proximal style of deposition is a substantial (though

probably gradational) change frcm the distal and passive accumulation of
(sihaqueous) Wildcat Creek tuffececus material; late Chanapecosh
deposition, therefore, is chcuracrterized by an eastward migration of vents
with time, vhich gradually changed the study area frcm a distal to a
proximal environment of deposition (Fig. 9).

Similarly, deposition

changed frcm subaqueous (Wildcat Creek facies) to primarily siobaerial
(Timberwolf Mountain facies).

Structural relations
Focks of the Timberwolf Mountain facies appear to form a northnortheast striking hcmocline dipping southeast.

Ihe hcmocline has been

modified by post-depositional uplift and erosion, post-Fifes Peak
faulting, and late Tertiary folding.

The gently dipping volcanics

cxxrposing the hcmocline were eroded si±>stantial ly in the MJB-southem
Timberwolf Mountain area (see Plate 1).

Northeast-striking reverse

faults (NW-dipping) juxtapose Chanapecosh (Timberwolf Mountain facies) and
Rattlesnake Creek rocks in the MJB locality (Plate 1).
faults is a minimum of 25 m (or approximately the

Off set on these

minimum amount of

displacement required to juxtapose CShanapecosh and Rattlesnake Creek rocks
in that area).

A series of small-scale reverse faults, prctoably related

to the larger previously menticaied faults, displaces Rattlesnake Creek
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<28 Ma

Figure 9;

Illustxaticai of eastward migration of vents in upper

Qianapecosh time (deposition of the Tiriberwolf Mountain
facies), with respect to resulting rock units of the study
area. Vents that provided material for Wildcat Creek tuffs
are those along the western margin of the block sketch. Ihe
active vents in the center of the illustration depict the
initiation of sources that produced the proximal deposits of
the Timberwolf Mountain facies of the Chanapecosh Pormaticai.
Wildcat Creek deposits are depicted as the uniformly-bedded
units in the lever portion of the cross-sectional view; flews
and coarse tuffs of the Timberwolf Mountain unit overlie
Wildcat Creek deposits.
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rocks by only about 1 meter (Plate 1).
Exposures of the Timberwolf facies are truncated by a high angle, NWstriking

nojniial fault in the vicinity of Elkhorn Creek (Plate 1; further

discussion of this feature in Fifes Peak Secticsi) in the southwestern
portion of the map area.

Further structural ccrplexities no doubt exist

in this and the lower MJB trail areas.

Only rocks of the Wildcat Cre^

facies are exposed in the areas to the southwest of the Elkhom Creek
displacement zone (Plate 1 and Fig. 10).

Fault blocks in the Burnt

Mountain area (including all blocks SW of Elkhom Creek) shew progressive
uplift to the west and cure relatively down-dropped to the east (Fig. 10).
Any previously existing Timberwolf Mountain facies rocks west of the
Elkhom Cre^ displacement have been subsequently eroded, leaving only the
lov^er Wildcat Creek facies.

Multiple episodes of motion on these Burnt

Mountain area faults (ccitplicated by several high angle east-west normal
faults and sheeu: zones on western Bethel Ridge) are indicated by an
atnormally thin occurraice of Chanapecosh units overlain by a thick
section of brecciated andesite flows of the Fifes Peak Formation (Plate
1).

The unusually thin Wildcat Creek(?) rocks of the north Burnt Mountain

block indicate that this block was possibly at one time a topographic high
in relation to neighboring blocks, allowing Chanapecosh equivalents to be
erosionally stripjped before deposition of Fifes Peak units.

This north

Burnt Mountain expxssure of Wildcat Cre^ facies may actually be Timberwolf
Mountain facies, or perhaps gradational between the two.

Eb^sure in the

area is too poor for a more positive identification.
The western side of Rattlesnake Cre^ opposite Timberwolf Mountain is
carposed of Jurassic-Cretaceous rocks of the Rimrock Lake inlier and
overlain by Lookout Creek sandstone (Schreiber, 1981; Miller, 1985b).

The

Timberwolf facies hcmocline no doubt originally extended westward towards
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0

BURNT MTN.
BCTHCL RIDGE

Figure 10:

Generalized cross-sectixaral view of Burnt Mountain area fault
blocks. Blocks show a progressive uplift to the west and
relative dcwn-drcp to the east along subvertical normal
faults. Geology has been sinplified and ccnplex andesitic
dikes and intrusions of Burnt Mountain have been emitted.
(1) Cross-sectional view of Burnt Mountain and western Bethel
Ridge before faulting; (2) view after faulting with
projections of fault blocks above the topographic surface;
(3) present cross-sectional view of Burnt Mountain and
western Bethel Ridge. RLI: Rimrock Lake inlier; Esc:
Bocene(?) sandstone and conglcmerate of Elkhom Creek; WC:
Wildcat Creek facies of the Ohanapecosh Formation; RC(BM):
tuff of Burnt Mountain (portion of the tuff sequence of
I^ttlesnake Cre^); RC: tuff sequence of Rattlesnake Creek;
FP: Fifes Peak IbrnBtion.
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Mt. Aix and Rattlesnake Peaks and has since been erosionally stripped as a
result of later Tertiary uplift (Fig. 11-3).

The pre-Tertiary inlier

appears to have been domed in the eurea of the Mt. Aix caldera (Fig. 11-2),
possibly frcm subsurface magmatic activity associated with the eventual
caldera collapse Csimileir to the mechanics suggested by Meursh (1984)].
Disrupted units within the caldera (described briefly by Schreiber, 1981)
could be similar to upper Chanapecosh rocks of Timbervolf Mountain,
suggesting that these units were possible cxice co-extensive.

Upper

Onanapecosh units (lapilli tuffs and andesitic flows) probably once
covered the dcmed inlier rocks to the west of the study area and were
subsequently stripped, leaving only the relatively down-dropped caldera
exposures and the basinal rocks of Timbervolf Mountain and Wildcat Creek
(Fig.

11).

Discussion of depositional environment
(subaerial vs. subaqueous theories)
The Chanapecosh Formation was originally thought to have formed
primarily as the result of subaqueous pyroclastic debris sloughing off of
the flanks of underwater volcanoes (Fiske, 1960, 1963; Fiske and others,
1963).

Lapilli tuff or fine tuff-breccia were presumed to be deposited by

subaqueous pyroclastic flows, interbedded with water-lain air-fall
deposits and thin, fine-grained tuffs produced by turbidity currents of
water-saturated pyroclastic material within the Oianapecosh basin (Fiske,
1963).

Sane authors, however, have recently suggested a subaerial origin

for most of the Qhanapecosh rocks (Vance and others,

1987).

Advocates of subaerial formation (Clayton, 1983; Vance and others,
1987) contend that most of these rocks were deposited subaerial ly or in
lakes too shallow to produce large turbidites, which they inferred to be
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©

Figure 11:

©

CALDERA

©

MT. AIX

Generalized cross-sections of the structural evolution of
Clianapecosh Formation units vd.thin the vicinity of Mt. Aix
and TimberwDlf Mountain. (1) Original configuration (28 Ma)
before caldera collapse; (2) dcming of Rimrock Lake inlier
and collapse of caldera; (3) stripping of Chanapecosh units
^ resulting present outcrop pattern. RLI; Rimrock Lake
inlier; Esc: Eocene sedimentary rocks; WC: Wildcat Creek
facies (Chanapecosh Formation); TM: Timberwolf Mountain
facies (Chanapecosh Formation); U.Chan.: upper Chanapecosh
Formation.
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the primary depositional mechanisms cited by Fiske (1960, 1963).

Clayton

(1983) and Vance and others (1987) list a number of observations vAiich
they believe indicate terrestrial deposition, such as the presence of
unpillowed andesitic flews, welded tuffs, and atxindant, unbroken
accretionary lapilli.

Fiske (1960,

1963) and Fiske and others (1963),

however, do not state that the bulk of the Chanapecosh Rjrmation vas
deposited siibaquecusly as turbidity ciarrents, but rather that the
Rjrmation was deposited as extensive submerged pyroclastic flows
interbedded with thinner, finer turbidity current and air-fall deposits.
Localized accumulations of andesite flows, comprising slightly more than
1% of the measured type section (Fiske, 1960, p.l61), were assumed by
Fiske to have been formed subaerial ly by emergent volcanoes which
periodically subsided and were covered by additional tuffaceous deposits.
Fiske (1963) stated that Gianapecosh volcanoes, when sutmeirged, could not
have been in de^ water and that non-uniform subsidence combined with
varied amounts of volcaniclastic deposition probably resulted in repeated
shifting of land and water distribution, but with the stipulation that
most of the basin at einy given time probably lay underwater.
Ihe presence of turbidites within the Chanapecosh stratigraphic
section may not require a deep siabaqueous environment for formation, as
Clayton (1983) suggested.

Turbidity currents associated wdth distal

subaqueous debris flows and hyaloclastites have been noted in numerous
formations besides the Chanapecosh (Fiske and Matsuda, 1964; Caillat and
others, 1981; Fisher, 1984; Busby-Spera, 1986, 1988).

Experiments have

shown that turbidity currents can be generated by subaqueous debris flows
when eroded material from the front of a flow and material ejected from
the body of a debris flow mix into overlying turbulent water (Hairpton,
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1972).

Mixing at the front of a debris flow is a natiaral result of the

flew moving through water; shear stresses at the flow-water interface
(eroding the surface of the flow front) and an associated turbulence
region cause the released naterial to go into turbulent suspension
(Bairpton,

1972).

Hampton's debris-flow work (1972) was concerned with

deposition of material in cm oceanic envirenment, but his theories and
observations do not require any specific water depth for turbidity-ojrrent
generation.

Layering within distal subaqueous tuffs has been observed in

Triassic and eeirly Jurassic rocks in California (Busby-Spera, 1986); the
layering was inferred to have resulted fron segregation of volcanic
material by laminar shear and possibly enhanced by the frictional drag of
water on its upper surface or by progressive incorporation of water during
transport.

Transportation processes of subaqueous volcaniclastic

sediment-gravity flows (such as debris flews, pyroclastic flews, and
turbidites) are sunmarized by Fisher (1984);

flew transformation processes

wtiich change a flow frem turbulent to laminar, or vice versa, aure
primarily related to particle concentration, flew velocity, and slope
(Fisher,

1984) without a required water depth.

It is reasonable to

assume, based upon the effects of laminar shear on subaqueous debris
flows, that interbedded debris flews and thin turbidites of the
Chanapecosh Formation ware deposited in a relatively shallow lacustrine
environment.

Turbidity-currents may be generated as a result of debris

flew transport in a svibaqueous environment.
The certmon occurrence of unbroken accretionary lapilli was listed by
Clayton (1983) and Vance and others (1987) as a major indication of
subaerial deposition.

They believe that these delicate structures of

water-bound ash could not survive lengthy periods of transport or the
process of settling through a standing water column.
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Hewever, studies of

other localities of subaqueous pyroclastic deposition (Self, 1983; McPhie,
1986) suggest that this may not be a valid criterion for recognition of
subaerial deposits, as water or steam associated with leurge-magnitude
eruptions could generate and replenish accretionary lapilli fran ash
clouds into a pyroclastic flow; accretionary lapilli could be replenished
within a pyroclastic flow by lapilli raining into the flew fron associated
ash clouds vhile the pyroclastic material vas still mobile and flowing
(McPhie, 1986).
The lack of pillowed andesitic flews appears to be the primary
argument for siabaerial deposition (see Clayton, 1983).

Little work has

been done in the area of silicic siibaqueous volcanics.

Deposits frem

subglacial rhyolitic to dacitic eruptions have been studied in Iceland
(Fumes and others, 1980); resultant facies were hyaloclastites and large
ellipsoidal to irregularly-shaped "lobes" averaging around 7m in diameter.
Silicic flows interbedded with Paleozoic flysch deposits in Australia
(Cas, 1978) have bases and tops that are either sharp or fragmented (fran
autobrecciation) and do not display pillow structures.

Major flow units

of these Australian rocks (Merrions Tuff) are lobate or lensoidal in
cross-secticn, simileir to lava-flow cotplexes within the Chanapecosh
Formation described by Fiske and others (1963) and, on a smaller scale,
the stibglacial silicic lobes in Iceland.

Amygdaloidal, brecciated

andesitic flows, rather than pillowed flows, have been documented in
Triassic sutmarine stratocones (Busby-Spera, 1986).

Absence of pillowed

flows within the Chanapecosh Formation therefore does not appear to rule
out the possiblity of subaqueous deposition of these rocks.

Fisher and

Schmincke (1984) summarize the morphology of subaqueous silicic flews; the
pods, lobes, and tongues (irregular ellipsiodal masses, folded sheets, and
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finger-shaped bodies, respectively) of siibaqueously deposited silicic
flows are much leirger than typical basaltic pillows.
In summation, there does not appeeu: to be strong evidence to st5)port
a primarily subaerial environment of deposition for the Qianapecosh
Formation.

Original interpretations of a siabaqueous origin (Fiske,

1960,

1963; Fiske and others, 1963) allowed for substantial amounts of subaerial
deposition.

Absence of "pillowed” andesitic flows and abundant

accretionary lapilli cited as evidence for a subaerial origin may also be
compatible with a subaqueous mode of deposition.

A detailed

sedimentological study of Qianapecosh tuffeceous units will probably be
required before a precise depositional history of the Formation can be
ascertained.
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THE TUFF SEQUENCE OF PATTLESNfiKE CREEK

INTROXJCTICaJ
Upper Oligocene rhyolitic to rhyodacitic pyroclastics,
volcaniclastics, and localized flows in the southern and central Cascade
Range have ccnmonly been correlated with the Stevens Ridge Etormation
(Fiske and others, 1963) within Mt. Rainier National Park.

Stevens Ridge

rocks unconformably overlie andesitic to dacitic deposits of the
Qhanapecosh Formation and are conformably overlain by flows and apron
deposits fron andesitic volcanoes of the Fifes Peak Formation.

Rhyolitic

deposits within the study area that are chronologically and
carpositionally similar to Stevens Ridge rocks, and also occupy a similcu:
stratigraphic position, are informally named the tuff sequence of
Rattlesnake Creek in this report.

Ash-flow deposits of the Rattlesnake

Creek sequence are interbedded with andesitic flows frcm two Fifes Peak
Formation volcanoes within the study area, in addition to overlying
tuffaceous rocks of the uf^r Qhanapecosh Formation.
The tuff of Rattlesnake Creek, first described by Schreiber (1981)
fron limited exposures near McDaniel Lake and Rattlesnake Creek (Fig. 12),
was found during the course of this study to be extensive and is defined
here to include as well other silicic volcanic and volcaniclastic units in
the vicinity of Tiiribervolf Mountain eind Bethel Ridge.

The Burnt Mountain

tuff (Swanson, 1964, 1978), on the basis of stratigraphic position and
lithologic similarity, is included as a basal portion of the Rattlesnake
sequence.

Rhyolitic pumice flows previously described as the Bethel Ridge

facies of the Fifes Peak Formation (Swanson, 1964, 1966, 1978) comprise a
mid-to-upper portion of the unit.

Altered pumice-lapilli tuffs in the bed
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Figure 12;

Location map of study area shewing Devils Tfeble and 801:53 Creek
eseposures. 1; tettlesnake Creek tuff eseposures on the
northwest slope of Timberwolf Mountain; 2; eseposures east of
Tintierwolf Mountain near Peak 6175; 3; rhyodacitic pli3g
within the Little Rattlesnake Creek drainage; 4: tuff
e3cposures along Soup Creek.
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of Soup Creek, south of Bethel Ridge in the Tieton River area, are
ccaisidered here to be altered Rattlesnake Creek equivalents rather than
Wildcat Cre^ (CSianapecosh Formation) equivalents.

Rattlesnake Creek tuff

equivalents prctoably underlie most of the Tieton Volcano cindesitic apron
facies, vSiich indicates that rhyolitic activity was present early in
Tieton Volcano history.

The Burnt Mountain, Sov^j Creek, eind Bethel Ridge

pumice-flow facies will be discussed in detail below.
Schreiber (1981) correlated the Rattlesnake Creek tuff with a broadly
defined Stevens Ridge Ebrination, including the informal type Rattlesnake
area and other mid to upper Oligocene silicic pyroclastics of the
Cascades.

The possiblity of coeval Rattlesnake Creek tuff and Mt. Aix

volcanic carplex eruptions was also suggested by Schreiber (1981).
Swanson (1978) suggested a possible Stevens Ridge correlation for the
Burnt Mountain tuff, with a caldera collapse as the possible source for
the large volume of material (more than 30Qm) observed at Burnt Mountain.
Vance and others (1987), however, call for Stevens Ridge rocks to be
changed fran a Formation to a member within the Fifes Peak Formation.

The

tuff sequence of Rattlesnake Creek would therefore be reclassified as
Fifes Peak Formation.

Further discussion of the Stevens Ridge/Fifes Peak

problem will follow in the Fifes Peak Formation (in brief) and Summary and
Discussion Sections (pages 68 and 114, respectively).
In the Timberwolf Mountain area, volcaniclastics and tuffs of the
Rattlesnake sequence overlie facies of the i:5)per Oianapecosh Formation
(Timberwolf Mountain facies) with a slight unconformity.

Wildcat Creek

facies to the north of the map area (Schreiber, 1981) and to the south
(Swanson, 1978) are overlain with a more prcxiounced angular unconformity or
are in fault contact with Rattlesnake Creek tuffs.
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Throughout most of the

study area, particulcirly at Tiitiberwolf Mountain and western Bethel Ridge,
silicic Rattlesnake tuffs are interbedded with eindesitic flows or apron
mudflow deposits fran Tieton Volcano and the Tiiriberwolf Mountain shield
volcano (Plate 1).

Columbia River Basalt [Grande Ronde flews nl, r2, and

n2 (Swanson, 1978)] overlies Rattlesnake Cre^ tuffs several kilemeters
east of the study area.

AGE OF SEQUENCE
Zircc»i fission-track dates (Table 2) provide upper Oligocene to lower
Miocene ages for the Rattlesnake Creek tuff sequence.

Statistical

uncertainty inherent in these dates, however, pranotes airibiguity with the
interpretation of volcanic stratigraphic succession in the study area.
Age uncertainties al low the dated ash flows to be placed virtual ly
anywhere within the Rattlesnake Creek tuff section.
Sane constraints on the age of Rattlesnake Creek tuff-producing
events are provided by two K/At dates fran andesitic flows fran Tieton
Volcano and the Tiiriberwolf Mountain shield volcano that overlie and eire
interbedded with rhyolitic tuffs (see K/Ar Section, p. 100, Fifes Peak
Ebrmaticxi).

These K/Ar ages, however, conflict with the rhyolitic

succession of events suggested by Table 2.

A date of approximately 26 Ma

(see Fifes Peak Section) for an andesitic flow firon the apron of Tieton
Volcano is older than the approximately 25 Ma date obtained by Vance and
others (1987) for the Burnt Mountain tuff, vhich is stratigraphically
below the Tieton volcano apron facies (Table 2).

Additional dating will

be required, preferably in the more stratigraphically corplete Devils
Table area (see the Stratigraphy belcw), before a consistent sequence of
eruptive events is established.
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TABLE 2.

ZIRCON FISSIC»I-TRACK DATES OF LATE QLIGOCENE REKOLITIC TUFFS
FROM THE SOUTH-CENTRAL CASCADES

AGE

UNIT

SOURCE

PUMICE FLOW UNIT,
BETHEL RIDGE FACIES,
FIFES PEAK EM.

23.3 + 2.0 Ma

(3)

PIMECBOUS TUFF,
CLIFFDELL AREA,
UPPER FIFES PEAK EM.

23.3 + 2.4 Ma

(1)

BURNT MIN. TOFF

24.6 + 2.4 Ma

(3)

PUMICE LAPILLI TOFF,
TYPE FIFES PEAK EM.

26.2 + 2.8 Ma

(3)

TOFF FRCM BISMARK PEAK,
MT. AIX VOLCANIC COMPLEX

26.3 + 1.3 Ma

(3)

RATTLESNAKE CREEK TUFF

26.8 + 1.4 Ma

(2)

BUMPING RIVER TUFF

27.7 + 5.0 Ma
26.6 + 3.6 Ma

(3)

Note;

Data from (1) Carkin (1988),
and others (1987).

(2) Schreiber (1981), and (3) Vance
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STRATIGRAPEiY
The thickest and most continuous section of the tuff sequence of
Rattlesnake lies just outside of the map eurea to the eeist in the vicinity
of Fed Rock and Devils Thble in the Me^s T&ble 7 1/2' quadrangle (Fig.
12).

The facies listed belcw are frequently repeated in the Red

Fock/Devils Thble locality.
depicted in Figvire 13.

An idealized stratigraphic section is

Tirnberwolf Mountain was probably a topographic

high during Rattlesnake deposition, because the northern and northwestern
slopes of the mountain contain only thinly-bedded (air-fall?) tuffs and
volcaniclastics.

The pumice-lapilli tuff facies catmonly seen in other,

presumably more proximal, deposits are apparently lacking in the
Rattlesnake Creek tuffs at Tirnberwolf Mountain.
A brief stratigraphy for the Rattlesnake Creek tuff sequence is as
follows (facies present at veurious Rattlesnake localites are listed in
Thble 3);

Basal sectiCTi
The basal portion of the sequence is caitposed of multiple unwelded
pumice-lapilli eish-flow deposits.

Bases of flows are carpacted and

contain abundant charred wood fragments and littib casts.

Pyroclastic flows

are ccrmonly around 10 m thick and grade upward to finer tuffs and
volcaniclastics.

This sequence is repeated several times over the expxjsed

section; volcaniclastic facies thicknesses vary locally.

Volcaniclastics,

or re-worked pumice flows, are also exposed at Tirnberwolf Mountain (unit
Ttv on Plate 1) and on Bethel Ridge.
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RHYODACITIC
INTRUSIVE

RHYOLITIC FLOW

VOLCANICLASTICS
REWORKED PYROCLASTIC MATERIAU

PUMICE-LAPILLI
ASH-FLOW TUFF

ANDESITIC FRAGMENTS

CHARRED WOOD AT BASE OF FLOW

VOLCANICLASTICS OR
FINE TUFFS FROM
PREVIOUS FLOW

Figure 13;

Idealized stratigrapMc section for the tuff sequence of
I^ttlesnake Creek. Pumice-lapilli ash flows are
approximately 10 m thick.
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TABLE 3.

TABLE SHCWIN3 FACIES PRESENT AT EXPOSURES OF THE TUFF SEQUENCE
OF RATTLESNAKE CREEK

LOCALITIES:

Timbervrolf Mtn. Bethel
NW(Ttv) E(6175) Ridge

Burnt Soup Cr.
Mtn.

Rattlesnake Cr.
LRC RedRock/
Devils Table

FACIES:

X

Rhyolitic
Intrusives
Andesite
Intrudinq
Tuff

X

X

Quartz-rich
Rhyolitic
Flows

X

Volcaniclastics

X

Fine
Tuffs

X

X

X

X

X

X

X

X

X

Pumice Flews

X

X

X

X

X

Hydrothermal
AlteratiCTi

X

Note;

X

X

NW(Ttv)=volcciniclastics and air-fall(?) tuff deposits of the tuff
sequence of Rattlesnake Cred< exposed on the northwestern slopes of
Timbervolf Mountain; E(6175)=Rattlesnake Creek tuffs exposed at
eastern Tiniberwolf Mountain, east of Peak 6175; LRC=Little
Rattlesnake Creek exposures.
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Upper section

Hie uppermost section of the sequence, VAest and southwest of Devils
Table, is ccrnposed of quartz-rich rhyolitic flows.

These flows cap the

pumiceous pyroclastic deposits and volcaniclastics and are
volumetrically subordinate to them.
Rhyodacitic intrusives
Rhyodacitic intrusives are plugs or small domes that appear to
intrude the rhyolitic flows, at lecist in the vicinity of hill 4651 aM are
therefore the youngest member of this sequence.

Field relationships

suggest that several hundred feet of other pyroclastic facies were
erosionally stripped from this arecu

Andesitic flews and debris-flow( ?) deposits
Andesitic flows and debris-flow(?) deposits in the Red Rock/Devils
Tbble area have an uncertain relationship to the rhyolitic tuff sequence
of Rattlesnake Creek.

They were produced by andesitic eruption(s) within

the Rattlesnake Creek tuff depositional area and probably originated from
a parcisitic vent associated with the Tiitiberwolf Mountain shield or the
Tieton Volcano magma chamber but not physically a part of either volcano.

ALTERED RATTLESNAKE CREEK TUFF/TIMBEFWC3LF SHIELD CONTACT
An excellent exposure of a Timberwolf Mountain shield flow and
Rattlesnake tuff contact exists at the eastern end of Timberwolf Mountain
(Peak 6175, Fig. 12).

The pale green tuff, displaying the effects of

hydrothermal alteration for at least 15 m below the contact, was probably
fliaid saturated and unconsolidated when over-run by the andesitic flow
(this particular flow yielded a whole rock K/Ar date of around 24 Ma; see
Fifes Peak Formation, p.lOO). Altered lobes of andesite (l-1.5m in diameter)
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with chilled rims protrude fran the outcrop several meters below the
primary ccntact. Tuffs are well-bedded, weakly indurated, and have a high
pumice-lapilli content; pumice-lapilli are a distinctive bluegreen color
from zeolitic (heulandite?) alteration.

Hie phyric, medium-grained

cindesitic flew also is altered (frem associated deuteric effects) for more
than 10 m above the Rattlesnake Cre^ tuff contact.

Shiall, irregular

calcite veinlets are ccncentrated along cooling surfaces in the flow near
the invasive contact zone.

SOJP CREEK EXPOSURES
The hydrothermally altered tuffs in Soup Cre^ may actually be
altered Burnt Mountain equivalents rather than Wildcat Creek rocks. These
exposures contain andesitic dikes that could have altered relatively
recent deposits of rhyolitic tuff; alteration is more intense within close
proximity of the dikes.

Also, it is more probable stratigraphical ly that

these exposures are altered Rattlesnake equivalents than Wildcat Creek
tuffs (cf. Swanson, 1978).

Rattlesnake Creek tuffs can superficially

resemble Wildcat Creek rocks vhere hydrothermal ly altered, as observed at
eastern Timberwolf Mountain.

However, Soup Cre^ rocks cure poorly

indurated like the eastern Timberwolf exposure and unlike the generally
well-indurated Wildcat Cre^ tuffs.

Soup Creek rocks, in fact, strongly

resemble the altered Rattlesnake Creek rocks at Timberwolf Mountain; they
both contain abundant altered pumice clasts cind wood fragments.

BURNT MOUNTAIN TUFF
The Burnt Mountain tuff is similar to the Rattlesnake Creek tuff east
of Timberwolf Mountain near Devils Table (Fig. 12).

Exposvures of the tuff

occiiT primarily at Burnt Mountain and in the drainage of a tributary of
Wildcat Creek, south of Bethel Ridge (Fig. 12); a minor exposure of
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rhyolitic tuff north of Burnt Mountain nay also be a remnant of the tuff
(Plate 1).

The unit unoonfomably overlies and is in fault contact with

tuffaceous rocks of Wildcat Creek.

Contacts with Tieton Volcano rocks are

covered but appear to be faulted (Swanson, 1978).

The Burnt Mountain tuff

(Fig. 12), as described by Svanson (1978), is at leeist 300 m thick and
includes several ash-flcw cooling units, platy flow-banded rhyodacite, and
bedded volcaniclastics probably derived frcm reworked tuffs.
The facies displayed by the Burnt Mountain tuff are nearly identical
to those of the ccxtposite Rattlesnake Cre^ tuff section in the Red
Rock/Devils Table area.

Similar facies of both the Burnt Mountain and

Rattlesnake tuffs, an overall rhyolitic ccirposition, and conparable
stratigraphic position (i.e., overlying Chanapecosh Formation equivalents
and underlying deposits fran volcanoes of the Fifes Peak Formation)
prcmpts the correlation between the two tuffs.

Previous workers

(Schreiber, 1981; Vance and others, 1987) have proposed the same Burnt
Mountain tuff/Rattlesnake Cre^ tuff correlation.

RHraLITIC PUMICE FLOWS OF BETHEL RIDGE
Interbedded with brecciated andesite flows and debris-flow(?)
deposits of the apron, or Bethel Ridge facies, of Tieton Volcano (S«ranson,
1964, 1966), are several rhyolitic pumice-lapilli tuffs (or pumice flows).
Tieton Volcano (Swanson, 1964, 1966) vas a carposite volcano of late
Oligocene and early Miocene(?) age vhich formed, along with the coalescing
aprons of other ccxitemporary volcanoes, the bulk of the Fifes Peak
Formation (see next section).

Pumice flows (pumice-lapilli ash-flow

deposits) in the vicinity of Cash Prairie (Fig. 12) range fran 10 to 60 m
thick and contain abundant, unoriented, and uncollapsed pumice lapilli of
rhyolitic corposition (Swanson, 1966).
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Andesitic lithic fragments display

normal grading through the flows.

A chemical analysis of a pumice flow,

minus most lithic inclusions, appears in Swanson (1978).
Swanson (1964, 1966) inferred that the pumice flows were probably
from Tieton Volcano eruptions because of their interbedding with other
rock units demonstrably fran Tieton Volcano.

Mapping for this study north

of Bethel Ridge in the Rattlesnake and Little Rattlesnake Creek drainages
(Plate 1) has shown the Bethel Ridge pumice facies to be a lateral
extension of the middle to upper portion of the tuff sequence of
Rattlesnake Creek.

PETROGRAPHY
The tuff sequence of Rattlesnake Creek is primarily rhyolitic, with
sane flows exhibiting mineral assemblages that approach dacite.
Oligoclase and quartz are the most abundant phenocrysts.

Plagioclase

phenocrysts have an average composition of An2g (oligoclase) r seme tuffs
possess plagioclase compositions of sodic andesine (An3g_4Q).

Potassium

feldspar is very rare in phenocryst form, but relativly catmon as a fine
grained devitrification ccmpcaient of the groundmass.

Mafic minerals cure

typically greenish-brown hornblende, biotite, and opaque iron oxides,
li^^persthene is a prominent component of the Little Rattlesnake rhyodacitic
intrusion (hill 4651) but vas not observed elsevvhere in the tuff sequence
of Rattlesnake Creek.
Rhyolitic pumice and andesitic clasts are the most abundant lithic
cenponents.

Pumice is generally unoriented and unwelded.

tuff are less catmon but relatively plentiful.

Fragments of

Flow-banded rhyolite

fragments and felsic plutonic clasts are rare, but they are commonly
observed in tuffs from Burnt Mountain.

Plutonic fragments also occur

rarely in pumice-flow deposits on Bethel Ridge and are primarily composed
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of anhedral quartz and plagioclase grains.
Pumice-lapilli ash-flcw deposits typically display a well-preserved
vitroclastic texturer though the glass is ccnpletely devitrified
to bentonitic clays.

Ehyolitic flows near Devils Table and Little

Rattlesnake Creek (Fig. 12) have a spherulitic groundmass of intergrown
quartz annd potassium feldspar.

Sfherulites are in the form of small

isolated individuals or large coalescing masses.

A felsitic texture was

observed in one flew southwest of Tiitiberwolf Mountain in the MJB trail
area (Plate 1).
Mafics comnonly alter to chlorite and a fibrous aitphibole vhen
hydrated; devitrification of the glass-shard matrix and pumice lapilli
into clays and microcrystalline quartz-feldspar intergrewths also occurs
with hydration of the tuff.

Lower units in the stratigraphic section

petrographically shew a higher degree of alteraticxu

Hornblende and

biotite frem Bethel Ridge ash flows (middle to upper portion of the
Rattlesnake Cre^ sequence) for example, cure well-preserved; in
cotiparison, only uralite and biotite (more stable lander these conditions)
retain in the Three Cre^s area (Fig. 12).

Tuffs that have undergone

hydrothermal alteration, such as those frem Soup Creek and eastern
Timberwolf Mountain, also contain chlorite and calcite alteration
products, as well as zeolitic replacement of volcanic glass and pumice.
Sane tuffs, such as those at the eastern Timberwolf Mountain locality,
have been so thoroughly altered and recrystallized that any original
vitroclastic texture has been obliterated.
Graded volcaniclastics and thin air-fall tuffs are stained with iron
oxides and also contain clay pseudonorphs of glass shards.

Sntall quartz

grains (1 irm or less in diameter), altered andesite fragments, and bits of
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wcxDd cnnprise only a few percent of the average mode of a re-wcrked
Rattlesnake Creek tuff.

SOURCE(S) FOR TEE TUFF SEQUENCE OF RATTLEaiAKE CREEK
Introducticm
TVo eruptive styles are probably responsible for formation of the
tuff sequence of Rattlesnake Creek.

Early, basal deposits of the sequence

are thick (approximately 300 m) sections of rhyolitic ash-flows and
associated volcaniclastics (without andesitic interbeds) that were
possibly erupted iimiediately prior to the collapse of the Mt. Aix caldera.
A change in eruptive style produced deposits of the t^jper Rattlesnake
sequence; a series of separate rhyolitic erupticais produced the tuffs that
are interbedded with porpbyritic andesite flows.

Andesitic flows are

related to the Tiiriberwolf Mountain shield and Tieton Volcano (and perhaps
from an isolated fissure or vent in the Devils Canyon area; see Andesitic
Exposiares East of Map Area, Fifes Peak Formation).

Lower portion of the tuff sequence of Rattlesnake Creek
A single voluminous eruption preceeding a caldera collapse may have
produced thick (catmonly around 300 m) tuff deposits that in part corpose
the basal portion of the Rattlesnake sequence.

The Burnt Mountain tuff

(Swanson, 1964, 1978), the original Rattlesnake Creek tuff of Schreiber
(1981), and the Bunping River tuff (Vance and others, 1987) are possibly
the remnants of a pyroclastic sheet related to rhyolitic eruptions that
preceeded the collapse of the Mt. Aix caldera.

The Bunping River tuff,

Schreiber's Rattlesnake Creek tuff (basal portion of the tuff sequence of
Rattlesnake Creek defined in this report), and a rhyolite from Bismark
Peak (Fig. 12) are all of comparable age (approximately 26 or 27 Ma, see
Table 2).

The zircon fission-track age of about 25 Ma for Burnt Mountain
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tuff v,as possibly re-set by later intense andesitic intrusion (see
discussion, K/Ar ages of Fifes Peak Formation and in Chronology).

Hie

rhyolite of Bismcirk Peak was probably extruded alcng a ring fault as a
result of the collapse of the Mt. Aix caldera (Schreiber, 1981).

Similar

(26 or 27 Ma) zircon fission-track dates for the Bismark Peak rhyolite,
the Bumping River tuff, and the basal fettlesnake Cre^ tuff allow a
chrcxiologic correlation to be made between these rocks.

Ccnpositional

similarities between the rhyolites (such as similcu: mineral catponents,
the presence of multiple cooling units, and similar stratigraphic sequence
and facies changes) in addition to the cctnparable ages suggest that these
rocks and the basal Rattlesnake Creek tuff were possibly all produced by
Mt. Aix eruptions.

Upper Rattlesnake Creek tuffs
More widely separated eruptive events, however, were necessary for
the formation of the tuff beds in the ipjper part of the tuff sequence of
Rattlesnake Creek.

This is indicated ty abundant fragments of charred

wood in the ccrpacted to sli^tly welded bases of many cish-flcws and by
the interbedding of porphyritic andesite flews with rhyolitic Rattlesnake
Creek tuffs.

In catastrophic, caldera-forming eruptions, all vegetation

would presumably have been incorporated into the first large flow to pass
over an area and would be in less abundance with successive ash-flow
erupjtions.

The interbedding of Rattlesnake Creek rocks with andesitic

flows and mudflow deposits frem Tieton Volcano and the shield volcano at
Tiraberwolf Mountain is further indication that multiple erupjtive events
were required for the formation of the upper Rattlesnake Creek sequence.
A single catastrophic event such as the collapse of the Mt. Aix caldera is
therefore inadequate to explain the origin of the entire rhyolitic
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sequence.
Several sources are possible for deposits of the upper section of the
tuff sequence of Rattlesnake Creek.

Tieton Volcano, the shield volcano at

Tinibervolf Mountain, and rhyolitic plugs within the Little Rattlesnake
Creek drainage (Fig. 12) could have been sources for rhyolitic ash-flows
interbedded with Fifes Peak andesites in the study area (Plate 1) and east
of Timberwolf Mountain (Fig. 10).

Field evidence, however, cannot

constrain any of these volcanic centers as Rattlesnake tuff sources.
Neither foreset beds nor other current-direction indicators were observed
in tuffaceous exposures.

Only the apron facies of Tieton Volcano on

Bethel Ridge is observed to be interbedded with rhyolitic ash flows;
rhyolitic deposits elsev»here on Tieton Volcano, such as in the pyroclastic
cone, vould be convincing evidence for a Tieton source for Rattlesnake
Creek tuffs, but they have not been observed (cf. Swanson, 1966).
Some andesitic flows from the basal portion of the Tiitibervolf shield
volcano cure interbedded with rhyolitic eish-flow tuffs.

Rhyolitic air-fall

tuffs underlie shield flows and overlie lapilli tuffs of the upper
Chanapecosh Porniation on the northwestern slopes of Timberwolf Mountain,
but no rhyolitic intrusives (potential volcanic roots for Rattlesnake
Cre^ eruptive systems) cure exposed in the dissected intrusive core of the
shield volcano.

This further limits the possiblity of the Timberwolf

shield as a source of rhyolitic Rattlesnake Creek tuffs.
Rhyodacitic plugs in the Little Rattlesnake Creek drainage are in the
thickest section of the tuff sequence of Rattlesnake Creek.

Located

approximately along the inferred northern flank of Tieton Volcano, they
appear to be the most probable sources of the rhyolitic ash-flows in the
study area and the Meeks Table/Devils Table area (Fig. 12).
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The plugs may

also represent eruptive sites (or satellite vents) for differentiated,
silicic volcanic material fran the Tieton Volcano (and Tinibervolf Mountain
shield?) magma chamber.

Future geochemical analyses of rhyolitic flows

and plugs, in addition to chemical ccmparisons of Rattlesnake Creek units
with Tieton Volcano and the Timbervolf Mountain shield, could help resolve
this question.

It is also possible that sources of the Rattlesnake Cre^

tuff are further to the ecist and buried under Columbia River Basalt.
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THE FIFES PEAK FORMATIC*!

INTFCDUCTION
The Fifes Peak Formation consists priitarily of the coelescing deposits
fron i^jper Oligocene to lower Miocene andesitic volcanoes, as described by
Fiske and others (1963) within Mt. Eainier National Park.

The Formation

defined by Fiske and others (1963) included nearly all the original Fifes
Peak Andesite of Warren (1941); rhyolitic tuffs underlying the andesitic
volcanoes and included within the Fifes Peak Andesite of Abbott (1953),
however, were separated by Fiske and others (1963) into the Stevens Ridge
cind Fifes Peak Formations on the basis of lithlogic distinctions and
mapping within Mount Rainier National Park.

Warren's Fifes Peak was an

assemblage of andesitic flows, mudflow deposits, and volcaniclastic rocks
in the northern and eastern portion of the Mt. Aix quadrangle; Abbott's
Fifes Peak rocks included silicic tuffaceous deposits that underlie
andesitic flows in the northwest comer of the Mt. Aix quadrangle (Fig.
14).
Within Mount Rainier National Park, the Fifes Peak Formation of Fiske
and others (1963) ccxicordantly overlies silicic Stevens Ridge rocks.
Vance eind others (1987), hcwever, propose that Stevens Ridge rocks (i.e.,
rhyolitic to rhyodacitic tuffs and flows) should be incorporated into the
Fifes Peak Formation and that the Stevens Ridge member be confined to the
original type area within Mt. Rainier National Park.

Qonflicting zircon

fission-track dates of silicic tuffs frcm Stevens Ridge and Fifes Peak
equivalents (see tuff sequence of Rattlesnake Creek, Table 2, p.53) and
inconsistent stratigraphic positions of silicic tuffs outside of the Mt.
Rainier area prompted the proposed change of Stevens Ridge rocks
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F ig u re 14:

L o c a tio n

map

o f T litte rv g o lf

M ountain and a d ja c e n t a re a s .

frcxn Format ion to Member status by Vance and others (1987).

Further

discussion of the Stevens Ridge xaiit designation and hew it relates to the
Tiitiberwolf Mountain-Bethel Ridge area can be found in the Summary and
Discussion SectiCTi (the Stevens Ridge Problem, p.114).
In addition to the Mt. Rainier vicinity and the Mt. Aix quadrangle,
the Fifes Peak Formation has been studied in detail in the Greenwater
River area (Hartman, 1973), the Tieton River area (Swanson, 1964, 1966,
1978), and in the Cliffdell area (Carkin, 1985, 1988) (Fig. 14).
Reccxinaissance mapping and an evaluation of the mineral resources of Fifes
Peak and other formations in the Cougar Lakes-Mt. Aix area prior to its
incorporatiCTi within the William 0. Douglas Wilderness Area was done by
Sinrnons and others (1983); the area was found to have a very low economic
mineral potential, with some exceptions in the Bumping Lake vicinity.

A

paleonagnetic study of Fifes Peak rocks east of Mt. Rainier by Furlong
(1982) indicated no tectonic rotation had occurred since the Miocene.
An estimated 1000 km of northward translaticai, which was also suggested by
Furlong's study, has not been observed in the geologic relations of the
central Cascades.
Exposures of Fifes Peak Fermation wdthin the study area contain rocks
fron two eruptive centers:

the coiposite Tieton Volcano and the shield

volcano at Timberwolf Mountain (Fig. 14).

Tieton Volcano deposits of the

map area (Plate 1) consist of brecciated andesite flows and coarse
volcaniclastic and pyroclastic deposits [slurry-flood and mudflow breccia
of Swanson (1964, 1966)] that ccitpose the apron of the coiposite volcano,
i^on facies deposits of Tieton Volcano cire primarily exposed in the
southern portion of the map area in the Bethel Ridge and Burnt Mountain
vicinity (Plate 1).

Rhyolitic ash-flow deposits exposed on Bethel Ridge
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were included within the apron facies by Swanson (1964, 1966, 1978) but in
this report are eissigned to the informally-named tuff sequence of
Rattlesnake Creek.

Andesitic to dacitic flows of the shield volcano at

Tiitiberwolf Mountain form an approximately 300 m thick exposure on the
southern slopes of the mountain (Plate 1); this southeasterly-dipping
slope is the only major remnant of the shield flews.

The eroded core of

the shield is exposed as an intensely intruded eind hydrothermal ly altered
area on the steep northeast flank of the mountain (Plate 1).

TIETCN VOLCANO
Tieton Volcano is the youngest of two Fifes Peak volcanoes exposed in
the Tieton River Canyon (Swanson, 1964, 1966, 1978), approximately 10 km
southeast of the map area (Fig. 14).

Flews of the basal shield of Tieton

Volcano lap onto the flanks of an older volcano to the south; the majority
of Tieton Volcano, howsver, is a steeply-dij^ing pyroclastic cone
consisting of bedded tuffs, breccias, and minor andesitic flews, all of
which are intruded by a radial dike swarm (Swanson, 1966).

Ihe apron

facies of Tieton Volcano is ccerprised of interbedded brecciated andesite
flews and coarse debris-flow deposits and prcbably formed on a lowland
along the flanks of the volcano. The uppermost portion of the Tieton apron
facies is interbedded with rhyolitic pumice flews (Bethel Ridge facies
pumice flews of the tuff sequence of Rattlesnake Creek, p.59; see Plate 1
and Fig. 15).

Also, rocks that ceitpose the volcanic apron are in fault

contact with and appear in places to depositional ly overlie pumice-lapilli
tuffs of the lower tuff sequence of Rattlesnake Cre^ in exposures on
southern Bethel Ridge (Burnt Mountain and Soup Creek exposures of the tuff
sequence of Rattlesnake Cre^).

Columbia River Basalt overlies the eroded
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Figiare 15:

Photo of Bethel Ridge, looking north, shewing interbedding of
Tieton Volcano apron facies with light-colored pumice-lapilli
ash-flcw deposits of the tuff sequence of Rattlesnake CreekBurnt Mountain is the minor peak at left skyline. Westfall
Rocks and Goose E^g Mountain microdiorite intrusions are the
hills in the left and right mid-ground, respectively.
Rimrock Lake is at left foregreund.
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surface of Tietxsn Volcano on eastern Bethel Ridge (Swanson,

1978).

i^rai facies
Flews;

Andesitic flows of the Tieton Volcano apren, such as those

exposed northeast of Burnt Mountain on a northern spur of Bethel Ridge
(Plate 1), generally have a coarse brecciated tep and base (3-5 m) with a
fine-grained to glassy interior.

Brecciated flew tops frem the apron

facies of Tieton Volcano are ccitiiDnly centposed of heavily oxidized
scoriaceous or vesicular andesite in addition to itore coarsely crystalline
and massive cindesite fragments.
fracturing.

Flew interiors cdimonly shew platy

Total flew thicknesses average around 10 m for the

northeastern Burnt Mountain locality.

Andesite eind basaltic andesite

flows are the deminant rock type of the Tieton apron facies for the
northern Burnt Mountain and Bethel Ridge cirea; debris-flow deposits
[described as mudflow and slurry-flood deposits by Svanson (1964, 1966,
1978)] are s\±ordinate at those localities, unlike apron exposures outside
the map area to the southeeist where debris flows were much nore abundant
than lava flews.

Geochemical analyses of several apron-facies flews

appear in T^pendix III and will be discvissed in detail later; sairple
locations are listed in i^pendix IV.

Breccia deposits of the apron facies;
deposits

of

Tieton

more accurately

Volcano were

Coeirse volcanic breccia

suggested

termed hyperconcentrated

by anith (1986) to

be

flood-flow deposits in

accordance with the interpretation that these deposits are intermediate
between debris

flow and

stream flow

(1986) for the classification and

deposits.

Ihe criteria of

distinction between

generated by debris flews and those generated by
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Ehdth

deposits

hyperconcentrated flood

flows include the mode of deposition, stratification, and grading.

Debris

flows, according to this classification, are deposited en masse, lack
internal stratification, are generally matrix-supported, and may have
either reverse, normal, or no grading of clasts.

In contrast,

hyperconcentrated flood-flow deposits are formed by rapid aggradation fron
material in suspension and traction (with or without horizontal
stratification), are frequently normally graded, and cure clast-supported
with a poorly sorted matrix (anith, 1986).

Debris-flow(?) deposits of the

Tieton Volcano aprcn facies on the southern slopes of Bethel Ridge aire
matrix-supported, vaguely bedded, and locally contain abundant large-scale
channels and cross-bedding (Svranson, 1966).

These aprcti deposits,

however, display characteristics of both the debris-flow and
hyperconcentrated flood-flow deposits of Shiith (1986), with cross-bedding
as a feature of normal stream flow deposits.

A possible explanation for

the COTiflicting physical characteristics observed in Tieton aprcxi deposits
may be that the debris flows were diluted to hyperconcentrated flood flows
by the addition of water at or near the volcano's apron and that debrislaiden streams developed locally.

This process was proposed by Ehiith

(1986) to be a cannon occurrence euround the flanks of volcanoes.
Volcanic breccias south of Timberwolf Nfc)untain at the MJB trail
locality (Plate 1), inferred in this study to be equivalent to Bethel
Ridge mudflow deposits, are similarly matrix-sv^jported, caimonly thin (1-2
m thick), and interbedded with pumice-lapilli tuffs of the tuff sequence
of Rattlesnake Creek.

Andesitic clasts are generally rounded and may be

oxidized and vesicular or massive.

The clasts are ccmmonly lapilli-size,

but large blocks of porphyritic andesite are relatively abundant.
Contacts vhere debris-flow deposits overlie pumice-lapilli tuffs are
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camonly undulatory and prctoably indicates scouring of the underlying tuff
bed during debris-flow deposition.

In ccirparison, contacts Vv^iere pumice-

lapilli tuffs overlie debris-flow deposits are relatively flat, imiform,
and lack ciny indications of bedload scour.

Petrography of flows;

lypical flews frem the Tieton Volccino apron

facies are abundantly porphyritic augite-hypersthene andesites with a
pilotaxitic to trachytic groundmass.

Phenocrysts are cennposed of

plagioclase, hypersthene, and augite, with plagioclase the most abundant;
lithic fragments and olivine are very rare carponents.

Plagioclase

phenocrysts show strong zoning in some flows and sieve textures in others.
Pyroxenes may be either pristine or have veurying amounts of alteraticxi to
uralite and chlorite.
oxides or uralite.
interstitially.

Pyroxenes may also be riitmed with opaque iron

Shall p^yroxene grains may or may not be present

A small amount of cryptocrystalline material usually

occurs in the plagioclase microlitic groundmass.

In addition, vesicular

portions of apron facies flows north of Burnt Mountain may have opal or
chalcedony as cavity fillings.

TIMBEPWOLF MOUNTAIN SHIELD VOLCANO
TiiriberwDlf Mountain and adjacent areas to the east along Little
Rattlesnake Creek had not previously been mapped in detail.

The western

portion of TimbeinMClf Mountain, however, had been mapped in reconnaissance
by Siitmons and others (1983) prior to its inclusion in the William 0.
Douglas Wilderness Area.

Subsequent detailed mapping by Schreiber (1981),

Clayton (1983), and by the author has iitproved on the earlier
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recxsnnaissance mapping.
The Fifes Peak Formation at Tiiiiberwolf Moijntain cxxisists of an eroded
shield volcano vhich is younger than the Tieton apron facies exposed near
Cash Prairie (Plate 1) but may have been in part coeval vd.th the late
stages of Tieton Volcano activity.

This relationship is indicated by the

interbedding of flews frem the two volcanoes with Rattlesnake Creek tuff
ash flows and two K/Ar dates (one fran each volcano) Vvhich will be
discussed below.

Remnants of the Tiiiiberwolf Mountain shield volcano

include approximately 300 m of andesitic to dacitic flows that caipose
much of the southern portion of the mountain (Fig. 16) and a northern area
of andesitic intrusive rocks vhich apparently represents the eruptive
center (Plate 1).

The intrusive cemplex of Timberwolf Mountain includes a

series of basaltic to andesitic dikes that probably fed seme of the shield
volcano flews.

Fifes Peak rocks at Timberwolf Mountain concordantly

overlie and are interbedded with units of the tuff sequence of Rattlesnake Creek
(see Rattlesnake Creek tuff Section, p.57, eind Sunrery and Discussion
Section, p.119; also, Plate 1).

Upper Chanapecosh and Rattlesnake Creek

rocks cure intensely altered near the intrusive cenplex.

Shield flows
Flows of the Fifes Peak-age shield volcano new cap Timberwolf
Mountain and form the easterly spur (Peak 6175) and southern flank
(including Peak 6243) of the roughly kidney-shaped mountain (Plate 1).
Remnants of an intercanyon flow cenposed of basaltic andesite are
traceable back to the relatively thick shield exposures of southern
Timberwolf Mountain and form two lew hills at the eastern margin of the
map area in the MJB trail vicinity (Plate 1).

TVro other andesitic

exposures along the trail approximately 2 km west of the previous locality
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Figvire 16:

Photo of remnant of shield volcano flows at Umberwolf
Mountain, looking south from the sunmit of Timberwolf
Mountain. Bethel Ridge is at slcyline, left; a faint Mt.
Mams is at right. Cliff face is approximately 100 m high.
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nay also be shield-flow remnants (Plate 1).

Andesitic flews in the

extreme NE portion of the nap area nay be other isolated exposures of the
dissected shield volcano (Plate 1).

Basal flews;

Basaltic eindesite flews of the basal portion of the

shield volcano are abundantly porphyritic, relatively coarse-grained, and
strongly resemble flows frem Tieton Volcano's apron; Timberwolf shield
flows, however, lack the thick, brecciated flow tops that characterize
Tieton aprcxi facies flews.

The basal shield flows are columnar and may or

may not pxossess relatively thick (several cm) platy fracturing.

Flcv®

closer to the inferred vent etrea (the intrusive cotplex of Timberwolf
Mountain) cdtmonly have well-formed to crude columns approximately 1 m in
diameter.

In ccxitrast, the more quickly-cooled intercanyon flow heis

vertical, fanning, and hori2rxital columns that are about 10 cm in
diameter.

Abundant amygdules were also observed near the base of this

flow.
Early flews of the shield have ccmmonly been altered, probably
hydrothermal ly.

The pervasive calcite and chlorite secondary

mineralization of these flows may have been a result of the introduction
of heat and fluids during subsequent intrusive and eruptive events of the
shield's growth. The characteristic pale green of calcite and chlorite
mineralization also is present at several localities vhere the andesite
flowed over tuffs of the tuff sequence of Rattlesnake Creek.

An excellent

example of this is exposed on the eastern face of Peak 6175 (see Plate 1),
vthere hydrothermal alteration extends several meters above and below the
andesite/tuff contact (refer to Rattlesnake Creek tuff section, p.57, for
additional discussion).

Altered lobes of andesite protrude frem the tuff
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at this locality several meters below the primary flew contact; the lobes
were produced vvben the overlying andesite flow partially invaded
unconsoldated, possibly still wet, pumiceous Rattlesnake Cre^ tuff.

Upper flows;

Dacitic flows, viiich cartpose the uppermost preserved

portion of the shield volcano, are finer-grained and typically less
altered than the underlying andesite flows.

These upper flows usiaally

have a cruder columnar structtire than basal flows, although column
dimensions are roughly equivalent.

Platy fracturing is much more

prevalent and closely spaced {ccrmcffily around 0.5 an apart or less) and is
a reflection of the trachytic groundmeiss texture of these rocks (cf. Gill,
1981).

Flews of the upper shield are primarily limited to exposures in

the southern Tirtiberwolf Mountain area (Peak 6243; see Plate 1).

Ccitponents of shield and contact relations
Early basaltic andesite flows were extruded on varying thicknesses of
Rattlesnake Creek tuff.

Ihin air-fall tuff and volcaniclastics of the

Rattlesnake unit underlie basal shield flows on the northwest portion of
the mountain, vshereas ash-flow tuffs are the deminant Rattlesnake deposits
beneath shield flows in the south and east (Plate 1).

Contacts generally

appear to be concordant, hut the interccinyon flew is an indication that
seme topographic highs and lows were present at the time of early shield
eruptions and that localized unconformities may exist between Rattlesnake
Creek tuffs and TimberwDlf shield flows.

Basal flows appear to have been

of limited areal extent and possibly confined to topographic lews.

Early

shield flows are also camonly interbedded with rhyolitic Rattlesnake
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Creek ash-flcw tuffs.

Interbedding of andesitic flows and rhyolitic ash-

flow tuffs is observed on the eastern flanks of Tiniberwolf Mountain (Plate
1) and east of the map area in the vicinity of Three Cre^s.

Dacitic

flews cenposing the upper portion of the shield volcano \Msre apparently
deposited with relatively uniform lew initial dips after flews of the
basal unit filled in topographic irregularities.

Thin tuffaceous

interbeds are locally present throughout the approximately 200 m thick
cross-section of the shield on the western face of Timbervolf MountainLittle of the volcanic shield remains (only about one-quarter) and
accurate estimates of original shield dimensions, shape, and syrmetry are
not possible.

A conservative estimate, however, with the Tirriberwolf

intrusive carpi ex eis the approximate center of an elliptical shield would
generate an area of around 45 km2.

Intrusive ccttplex of Timberwolf Mountain
The steep northeastern slopes of Tiittoerwolf Mountain afford excellent
exposures of an intensely intruded area inferred in this study to be the
core of the shield volcano (Plate 1).

The coiplexity of the area made it

difficult to portray at a scale of 1:24,000.

Therefore, the intrusive

corplex hcis been mapped in semevhat simplified form but with overall
intrusive relations conveyed.
The intrusive corplex consists of several units:

irregularly-shaped

intrusions, caimonly with small cussociated sills and dikes that invaded
and altered older tuffaceous deposits; a large (about 10 m thick) series
of interconnected dikes and sills; and a network of smaller (1-3 m thick)
dikes of randan orientations.

The irregularly-shaped intrusions of the

corplex are probably connected at depth, but their relationship(s) to the
large dikes and sills is less cleeir.
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Ihdifferentiated intrusions about 1

km to the north and northwest (unit Ta of Plate 1) have an unknown
relationship to the Tiitiberwolf intrusive corplex.

It is possible,

however, that the undifferentiated intrusions (unit Ta of Plate 1) may be
related to an episode of the shield volcano's magnatic history.
Ihe thick, near-vertical dikes on the NE flank of Timberwolf Mountain
may represent shield-flow feeder-dikes, although no distinct feeder dike
to flow relationship has yet been observed.

These large dikes also appear

to have been emplaced alcaig high-angle faults (Plate 1).

Similar dikes in

the Burnt Mountain area were intruded during an episode of high angle
normal faulting (Swanson, 1964, 1978).

Many dikes of western Timberwolf

Mountain that intrude rocks of the upper CShanapecosh Formation are
oriented approximately eeist-west, similar to orientations of Burnt
Mountain dikes [see Swanson (1978) for a detailed map of Burnt Mountain
dikes and intrusions].

Shialler dikes in the northeeist Timberwolf Mountain

area intrude altered tuffs and other dikes at subvertical angles and are
cctnmonly found to originate from a larger intrusion (Plate 1).
Tuffs of the Rattlesnake Creek sequence and the upper CShanapecosh
Formation in the vicinity of the intrusive ccitplex have been intensely
altered by adjacent intrusive activity.

Distinction between Chanapecosh

and Rattlesnake Creek units in this area is therefore difficult.
Cdipositions of the intrusive corplex at Timberwolf Mountain range
from basaltic andesite to andesite (see Geochemistry) and are very similar
to some of the intrusives at Burnt Mountain.

Burnt Mountain and

Timberwolf Mountain may have been simultaneously intruded by the same
magmatic events on two separate occasions; analyses of intrusives frcm
both localities appear to form two distinct chemical groups, with each
group containing analyses frcm Burnt Mountain and Timberwolf Mountain,
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rather than the sairples forming geochemical ly simileir grcups by locality.

Petrography of flows and intrusives
Basaltic andesite flews of the volcano's base are typically coarse
grained and abundantly porphyritic with a hyalc^ilitic to pilotaxitic
groundmass.

Phenocrysts are eiihedral to subhedral plagioclase,

hypersthene, augite, and magnetite; glonerocrysts cerposed of these
minerals are also present.

Although rare, iron oxide and chlorite

aggregates were also observed as olivine pseudemorphs.

Plagioclase is the

most abundant phenocryst caipcxient and is catmonly zoned or has a sieve
texture.

Qrthopiyroxene rivals this plagioclase phenocryst dcminance in

seme flows.
Fine-grained andesite and dacite flews of the upper shield are
catmonly trachytic with both phenocrysts and groundmass microlites in
alignment.

Phenocrysts of these flows have the same conposition as the

coarser flows, but are less abundant.
andesite are also paresent.

Lithic fragments of coarser-grained

Sane andesite flews are more phyric, and

corxespxsndingly less traehytic, than the dacitic flows.
Altered flews show almost ceirplete replacement of primary mineral
cissemblages by calcite, chlorite, xoralite (fibrous anphibole), and
brewnish clay minerals.

Pyroxenes are partially or catpletely altered to

uralite and chlorite in many flows, while plagioclase catmonly shows only
slight sericitic alteration.

More intense alteration produces calcite and

epidote replacement of plagioclase and catmonly obsettres groundmass
textures,

f^rothermal alteration of flews and dikes, especially near the

intrusive catplex of northern Timberwolf Mountain, has introduced sulfides
such as pyrite and arsenopyrite.
Rocks of the intrusive catplex of Timberwolf Mountain are almost
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exclusively coarse-grained basaltic andesites and andesites with seriate
porphyritic textures and show highly variable degrees of alteration.
Siibhedral plagioclase, ortho- and clinqpyroxene, and opaque minerals (most
catmonly magnetite, with sane pyrite) are the doninant mineral cotrponents
of the intrusive corplex, mirroring the mineralogy of shield flews.
Plagioclase is the most abundant cennponent, may be normally zoned, and may
CCTitain inclusions of volcanic glass within skeletal phenocrysts.

Sane

pyroxenes are eiihedral, vhile others have a ragged, partially resorbed
appearance alcxig crystal margins.

Olivine pseudanorphs are rare.

Glcmerocrystic canbinations of plagioclase, pyroxene, and magnetite
(catmonly about 2 rtm in diameter) eire relatively camion.
fragments were observed.

NO lithic

The groundmass of most intrusions is

pilotaxitic? trachytic textures are very rcire.
Dikes contciin the same textures and mineral assemblages that are
present within larger intrusive bodies.

Dike margins that are anygdular

have amygdules cotposed of concentric to radiating aggregates of reddishbrewn or bright green clay minerals or chalcedony or opal.

Shall ciibic

pyrite(?) crystals are catmonly finely disseminated within a dike's
matrix.

Intrusions of the Burnt Mountain area have the same mineral

cemponents and textures as Timberwolf intrusives, and also have relatively
abundant altered pyroxene phenocrysts (2-4 itm in length).

Intrusive

contacts betwsen Burnt Mountain dikes and rhyolitic tuffs (Burnt Mountain
tuff; see tuff sequence of Rattlesnake Cre^, p.58) are marked by
concentrations of anhedral epidote and a colorless, fibrous anphibole.
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ANDESITIC EXPOSURES EAST OF MAP AREA

Several proninent andesitic exposures in the Meeks Tcible quadrangle
east of the map area (Fig. 17) are probable Fifes Peak Formation
equivalents, but their relationships to either the shield volcano at
Tirriberwolf Mountain or Tieton Volcano are uncertain at this time.
Reconnaissance mapping of Red Rock and andesitic debris-flow(?) deposits
east of Three Creeks (Fig. 17) has shown that strikes for these exposures
are approximately perpendicular to the Timberwolf shield, making it less
likely for these deposits to have originated fircm the Tiiribervolf vent
curea.

Attitudes of Red Rock and the Three Creeks exposures are ccirpatible

with a Tieton Volcano origin, but these units are much thicker
(approximately 150 m for Red Rock units and about 70 m for the Three Creek
debris flows) than apron deposits on Bethel Ridge and are also further
frcm an inferred Tieton vent area.

A coarse-grained phyric andesite

intrudes Rattlesnake Creek tuff in the Devils Canyon area (Fig. 17), and
suggests that a small satellite vent or vents from the Tieton/Timbervolf
volcanic centers may have existed in this area (see additional discussion
in the tuff sequence of Rattlesnake Creek, p.57).

The andesite strongly

resembles hand samples of Tieton Volcano flows, apron flows of the Bethel
Ridge area, and basal Timberwolf shield flows.

The Devils Canyon

intrusion therefore suggests that the andesitic Red Rock and Three Creeks
debris-flow deposits possibly originated fron a satellite vent.
Mditional detailed mapping, however, will be necessary before a source
for these deposits can be definitively determined.
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Figure 17;

Location map of Fifes Peak Formation exposures east of the map
area iu the Meeks l^le quadrangle. Open square; Red Itock
andesitic flows; 1; debris—flow(?) deposits near Ihree
Creeks; 2; andesitic intrusions through Rattlesnake Creek
tuff near Devils Canyon-
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STRUCTURAL RELATTOsfSHIPS

No major fault systems sucii as those mapped by &i\^inson (1964, 1978)
at Burnt Mountain were observed in the vicinity of Timbervolf Mountain.
Continuations of the Burnt Mountain fault system, however, were detected
north of Burnt Mountain and traced into the Rattlesnake Creek drainage
(Plate 1).

Subvertical normal faulting, related to dike emplacement at

Burnt Mountain (Swanson, 1964, 1978), may also have been irportant in
Timberwolf Mountedn intrusive events; sane high-angle normal faults
associated with dikes were mapped at northeastern Timberwolf Mountain
(Plate 1).

Shell-scale reverse faulting southwest of Timberwolf Ntountain

(Plate 1) involving tuffs and andesite flows of the Chanapecosh Formation
was discussed earlier.

An anticline plunging gently to the eaist forms

northeasterly-trending Bethel Ridge; the mid-Miocene Columbia River Basalt
Group is deformed by this anticline.

The axis of a related syncline north

of the ridge is inferred to lie along the present course of Little
Rattlesnake Creek (Fig. 18).

Several episodes of middle to late Tertiary

tectonism are indicated within the study area and will be detailed below.
Regicaial uplift is attributed to general Cascade Range erogenic activity
firem the mid-Tertiary to the present.
The Burnt Mountain fault zone, originally mapped south of Bethel
Ridge by Swanson (1964, 1978) and extended to the north during mapping for
this study (Plate 1), is an area of N- to NW-trending normal faults and
shear zones with associated E-NE secondary faults.

Relations of these

faults to the Chanapecosh Formation was previously described (p.39).
Faults of southern Burnt Mountain were inferred to have more than 150 m of
stratigraphic displacement in seme localities vhere the Burnt Mountain
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Figure 18;

IxDcation map of the Bethel Ridge anticline and Little
Rattlesnake Creek syncline.

85

tuff and Wildcat Creek rocks are in fault contact (Swanson,

1964).

Exulting north of Burnt Mountain in the Shell Creek and Elkhom Creek
drainages is ccnnonly obscured by Quaternary landslide debris (Plate 1),
but major displacements can still be determined.

Wildcat Creek units of

the Ohanapecosh Formation, for exaitple, are juxtaposed against apron
facies deposits of Tieton Volcano by a normal fault north of Burnt
Mountain; the fault is traced by a tributary of Shell Creek (Plate 1).
Displacement across this fault is at least 100 m and possibly as much as
several hundred meters.

A normal fault roughly paral leling Elkhom Creek

(the Elkhom Cre^ fault mentioned in the Qianapecosh section) is poorly
defined but appears to be a northern extension of a broad shecir zone fron
the crest of Bethel Ridge.

The fault disrupts a thick sequence of Tieton

Volcano apron deposits and truncates Eocene(?) sedimentary rocks and
Wildcat Creek (Chanapecosh Formation) tuffs.

It is not known if this

fault continues into the pre-Tertiary rocks of the Rimrock Lake inlier.
IVo E-W faults connect the Elkhom and Shell Creek faults just north of
Bethel Ridge and are probably related to the same period of tectonism that
produced the N-NW faults.

The southern of these faults truncates a late-

Tertiary olivine basalt dike (Plate 1; also l^jper Miocene or Pliocene(?)
Volcanics, p.106).

The dike is prctoably related to a series of small

plugs of the same caiposition to the south and an olivine basalt flow
overlying Rattlesnake Creek pumice-flow deposits to the east that were
mapped by Sv^anson (1964,

1978).

j^e constraints

Two periods of faulting appear to be indicated by structural and
stratigraphic relations in the Burnt Mountain area, with the later event
possibly a re-activation of earlier fault zones.
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In the first phase

(extensional?), dikes and sills of Burnt Mountain were intruded during an
intense period of high-angle nontal faulting.

Related or simileu: faulting

may also have taken place in and near the intrusive canplex of northern
Tiitiberwolf Mountain.

Faulting and dike injection must have continued

intermittently for sane time because sane dikes and faults intrude and
truncate one another (Swanson, 1978).

A late Oligocene age is assumed for

this faulting activity because Burnt Mountain area dikes intrude apron
facies flows of Tieton Volcano dated at about 26 Ma and because similar
intrusive activity at Timbervolf Mountain is inferred to have led to the
formation of an approximately 24 Ma shield volcano (K/Ar ages will be
discussed in detail below).

Qiendcal similarities of two magmatic

episodes recorded at Burnt Mountain and at Timbervolf Mountain also
indicate this first phase of brittle deformation was caiprised of multiple
intrusive and faulting periods (see Geochemistry, p.94).
The second phase of tectonism (cotpressional?), an episode of re
activation along normal faults, occurred after the enplacement of olivine
basalt along Cash Prairie (western Bethel Ridge); shearing along fault
planes of the first phase may have dcminated this second phase with minor
normal faults occurring locally (approximately parallel to the trend of
the Bethel Ridge anticline).

Faulting may be younger than 16 Ma,

following deposition of the Columbia River Basalt Group (the approximate
age for Grande Rande flows frcm Swanson and others, 1979, and

Reidel and

Fecht, 1987), and was possibly coeval with the cotpressional forces vhich
formed the Bethel Ridge anticline.

Ihe Bethel Ridge anticline may in turn

be related to Cle Elum-Wallula (CLEW) tectonism and the Yakima fold belt
(cf. Kienle and others, 1977; Feidel and others, 1984).

A late Miocene or

Pliocene age for the olivine basalt is inferred fran field observations
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and late Micxene to Pliocene ages for volcanics at Tinibervrolf Mountain
(detailed below) north of the study area (Schreiber, 1981).
Faulting at Burnt Mountain near the southern margin of the map area
is therefore presumed to have occurred during at least two broadly defined
episodes.

The initial, probably late Oligocene stage consisted of

intensive high-angle normal faulting and multiple phases of dike
emplacement.

Exulting and multiple intrusions may have been coeval at

Burnt Mountain and Timbervolf Mountain as suggested by geochanical data
and field relations.

Dated andesite flows frcm the study area help

constrain the initial faulting episode to around 25 Ma.

A second period

of faulting, perhaps involving the re-activation of seme faults of the
first phase, appeeirs to have been less pervasive than the initial phase
and is loosely constrained by the truncation of an upper Miocene or
Pliocene(?) olivine basalt dike.

Ihe secondciry episode of faulting may

possibly be contemporaneous with the initiation of a ccitpressional regime
that formed the Bethel Ridge anticline.

Bethel Ridge folding has a Icwer

limit of around 16 Ma (the approximate age of folded Columbia River
Basalts that cap the ridge) but is prcbably younger.
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GEOCHIMiSTRy
Intrc3duction
TVenty-three scinples from the study eurea were analyzed for 11 nnajor
and 13 trace elements by x-ray fluorescence at Washington State University
(,^)pendix III).

Ten analyses vere frxxn flews of the TiitiberwDlf Mounteiin

shield and five were frem associated dikes and intrusions of the shield's
eruptive center.

In addition, five flews frem the Tieton Volcano aprcxi

were saitpled NE of Burnt Mountain, as were three intrusives frem the
iimediate Burnt Mountain curea (sanple descriptions and locations are
listed in J^pendix IV).

Cerparisons of geochemical data frem the study

area were made vdth eight Tieton Volcano analyses by Swanson (1978) and
are discussed below.

Major and minor elements
Flows, dikes, and related intrusions of the Fifes Peak Fontation in
the Tirtiberwolf Mountain and Bethel Ridge areas were found to be primarily
medium-K basaltic andesites to dacites of calcalkaline affinity (Fig. 19A,
B, C, and 20A) in agreement with plots of Tieton Volcano flows south of the
study area (Fig. 20B).

Plots of Fifes Peak major element analyses follow

typical and predictable differentiation trends through the eruptive
sequence.

Aluminum, Ca, Mg, Fe(total), and Ti oxides all tend to decrease

with increasing silica content, vhile the alkalis (Na and K) tend to
increase directly with silica content (Fig. 21).
Rocks frem the study area correspond veil with orogenic andesite
suites described by Bailey (1981) and Gill (1981).

Andesites frem both

Tieton Volcano and the Tirtibervolf shield volcano, regardless of silica
content, have high A1203 values (ranging frem 15.9 to 18.3 wt%; avg. 17.2
wt%), generally low total Fe content (ranging frem 5.1 to 9.6 wt%; avg.
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SI02

Figure 19:

Gecx:heriical discriminations of Timberwolf Mountain analyses.
(A) K20 vs. Si02 (wt. %) plot showing low, medium, and high K
andesite classifications. (B) FeO*/MgO vs. Si02 diagram
showing tholeiitic/calc-alkaline boundary of Miyashiro
(1974). (C) AFM diagram showing tholeiitic/cal-alkaline
trend of Irvine and Baragar (1971).
TH: tholeiitic; CA:
calc-alkaline.
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1

SiC>2
Figure 20:

Total alkali vs. silica (TAS) discrimination diagrams using
lUGS volcanic rocks classification of LeMaitre (1984).
(A)
TAS diagram of Timbervolf Mountain samples: +: Timberwolf
diield flows; x: Tieton Volcano apron deposits; o; Tinterwolf
Mountain intrusive cotplex; /: Burnt Mountain area
intrusives; 1: olivine basalt dike. (B) TAS diagram of
Tietcn Volcano samples (data from Swanson, 1978); fields same
as in (A),
f: flows from Tieton Volcano; d: Tieton Dike
Swarm; w: Westfall Rocks intrusions; p: pumice-1 apilli ash
flow fran Bethel Ridge.

fi
'i'i
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Hi:

SiOj Iwaight pa<c«ntl

Figure 21:

Barker diagram of samples frcm the Timberwolf Mountain area.
Cpen triangles: CaO data; open diamonds; PeO* data; open
circles: Na20 data. All other symbols as in Figure 20.
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7.4 wt%) and low Ti02 values (range 0.67 to 1.40 wt%; avg. 1.03 wt%).

Trace elements
Trace element analyses of rock samples from within the study area
also show values typical of orogenic andesites.

Three analyses

that notably deviate fran the Fifes Peak Formation trends (an olivine
basalt dike and an andesitic dike and flew) are probably not related to
the Fifes Peak Formation as discussed below.

PetrochemiccLl classifications of analyzed rock units
Tirtibervolf Mountain shield flews are andesitic to dacitic, as
determined fran the total alkali silica (TAS) discrimination diagram (Fig.
20A).

Older flows of the Timbervolf shield plot as andesitic, near the

border between basaltic andesite and andesite, with typical silica weightpercent values of 57 to 58 (Fig. 20A and Appendix III).

Upper shield flows

are dacitic in cctrposition and average around 65 weight percent silica.
Flows fran the apren facies of Tieton Volcano have cenpositions of
basaltic andesite to andesite.

Two analyses of Tieton Volcano flows, one

fran the basal shield and one fran the apron facies (Swanson, 1978), are
basaltic andesite (Fig. 20B).

Samples fran the radial dike swarm of Tieton

Volcano (data fran Sv«anson, 1978) are more silica-rich than Tieton Volcano
flows and plot near early flows fran the Timberwolf Mountain shield on a
TAS diagram (see Figs. 20A and B).
Intrusive bodies and associated dikes fran the intrusive conplex of
TimberwDlf Mountain (i.e., the eroded shield core) have cempositions of
basaltic andesite and andesite, ranging fran 53 to 61 weight percent Si02
(Fig. 20A and i^pendix III).

These cerpositions closely parallel analyses

of flows fran the Tieton Volcano apron and early Timberwolf shield flews.
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again suggesting a differentiation at Tirriberwolf Mountain frcm basaltic
andesite to more silicic ccmpositions through time.

Cne dike, however,

which consistently plots apart frcm the rest of the group, possibly had a
separate magmatic history (see discussion belcw).
Sairples of the Burnt Mountain intrusives plot consistently similar to
two dikes at Timberwolf Mountain and early flows of the Timberwolf
Mountain shield.

The intrusion and dike samples firctn Burnt Mountain are

distinctly different frcm each other, yet closely resemble extrusives frcm
the two separate Timberwolf Mountain intrusive events.

This resemblance

suggests that at least two magmatic pulses resulted in cx»val emplacement
of intrusives at Burnt Nfountain and at Timberwolf Mountain.

Ccnparison of Tlnberwolf Mountain shield wd.th Tieton Volcano data
Data frcm the Timberwolf Mountain shield and the Tieton Volcano apron
plot along the same trends on the total alkali silica (TAS) and Barker
diagrams (Fig. 20 and 21, respectively), which is an indication that the
two volcanic centers were of a similar magmatic origin.

AFM (Fig. 19C)

and Mg-number trends (Fig. 22) also suggest that Tieton Volcano and the
Timberwolf shield were derived frcm the same magmatic body.

Two samples,

however, noticeably deviate frcm this trend in plots of alkalis versus
silica (Fig. 21) and also are dissimilar on the AFM, TAS, and Mg-nunber
diagrams (Fig. 19C, 20, and 22, respecrtively).

These rocks (a dike and an

andesite flow at Timberwolf Mountain) may represent a post-Fifes Peak,
late Tertiary magmatic event (a late Miocene K/At age for the andesite
flow wall be discussed on p.l04; also see Chronology, p.ll6).
In addition, an olivine basalt dike NE of Burnt Mountain (see TAS diagram.
Fig. 20A; also Plate 1) also probably post-dates the Fifes Peak Formation
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Mg-number

Figvire 22:

Na20/K20 vs. MgO/MgOfFeO* [Mg-nunber] diagram of Tinibervolf
Mountain area data. Symbols as in Figvire 20.
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(late Miocene or Pliocene), as indicated by field relations.

CMAS projecticns
Pseudotemary phase diagrams, after Baker and Eggler (1983), for bulk
canposition trends fron the study eirea are shown in Figure 23A and B.
These data suggest phenocryst crystallization pressures of approximately 5
kbar and a melt H20 content of about 2% vhen carpared to trends of similar
two-pyroxene andesites fron the similar Aleutians (Baker, 1987; Baker and
Eggler, 1987).

A pressure of 5 kbar was equated with a magma-chaiitoer

depth of ciround 7 to 17 km for the Aleutian rocks by Baker (1987).
Andesitic magma fractionates at lower pressures than basalts, possibly as
low as 2 kbar with meltwater contents of 2 to 3% (Baker and Eggler, 1983),
while dacites have even higher water contents.

Higher water contents are

expected with fractionation as anhydrous minerals are removed fron the
melt (Baker, 1987).

A higher water content is observed in Figiares 23A and

B with dacites plotting more closely toward 2% hydrous conditions.
Meltwater content is believed to be directly related to sedimentary
cotponents within the magma (Baker, 1987), however, it is unknown whether
the sediment ccrrponent is derived frcm partial melting of sxjbducted
sediments, fron a melt of sediments plus basalt, or fron a fluid phase
that equilibrated with sediments.
The transition fron olivine to orthopyroxene on the liquidus for
Aleutian magmas is around 2 to 5 kbars (Baker, 1987), which is another
factor indicating crystal lizaticn around 5 kbars for Fifes Peak rocks of
the study area.

Olivine is rare to absent, while orthopjyroxene is very

abundant in Tieton and Tirttoerwolf intrusions and flews.

Less than 5%

melt-water content is also indicated for andesitic rocks of the study area
in accordance wdth the observation by Beiker and Eggler (1983) that at
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PI Projection
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least a 5% H20 ccntent is required for crystallization of amphibole.

No

priirery airphibole was observed in any flows or intrusives (Petrography
subsection), although sane hornblende does exist within the underlying
tuffs of Rattlesnake Creek.

Sunnary

In sumnary, volcanic rocks of the Fifes Peak Formation are generally
calcalkaline, medium-K, basaltic andesites or andesites, with some dacitic
flews occurring in the upper portion of the shield volcano at Timber\volf
Nfountain.

Heton Volcano is generally less silica-rich than the

TiitiberwDlf shield; dikes firon the Tieton radial dike swarm, however, have
a close chemical correlation to early flows of the presumably younger
shield volcano.

The intrusive coiplex associated with this shield has

coipositions of basaltic andesite and andesite with sane of these
ccitpositions very similar to intrusions at Burnt Mountain.

These similar

ccirpositions are an indication that at least two separate magmatic pulses
are represented at both Burnt Mountain and Timberwolf Mountain
Tieton Volcano and the Timbervolf Mountain shield share many of the
same geochemical trends, vhich suggests that these volcanoes are of
similcu: origin.

Projections of bulk carpositions onto pseudotemary phase

diagrams indicate a crystal fractionation pressure of approximately 5 kbar
and meltwater content of around 2%.
Finally, the chemical trends that suggest Tieton Volcano and the
Timberwolf shield volcano were of a similar magmatic origin also indicate
a separate origin for an andesitic flow and dike fron the Timberwolf
Mountain area.

An anonalous age of about 8 Ma for the flow in addition to

a geochemical trend different firan that of the Fifes Peak sanples shows
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that upper Miocene andesitic flows occur in tlie study cirea and overlie
flews of the late Oligocene Fifes Peak shield volcano at Tiniberwolf
Mountain.
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WHOLE ROCK K/Ar DATES
Intrcxiuction
Three scimples fron the nap area were analyzed for K/Ar ratios with
twD yielding late Oligocene ages (Shultz, 1988) (Table 4) quite ccrpatible
with other l<nown K/Ar ages for the Fifes Peak Pomation (cf. Ifertnan,
1973; Carkin, 1988).
Miocene age (Table 4).

One rock sanple, however, yielded an anomalous late
Though the K content for this unit was

unfortunately low and the age uncertainty correspondingly high, the
approximately 8 Ma date was reproducible (see Table 4) and represents a
genuinely young age rather than a secondary thermal event (R- Armstrong,
written canrunication,

1988).

The rock units sanpled, fron oldest to yoiongest, were:

(1) an

andesite flow fron the apron facies of Heton Volcano, (2) an andesite
flow frcm approximately the mid-to-lcwer portion of the shield volcano at
Timbervolf Mountain, and (3) an andesite flow vhich presumably represented
the uppermost preserved flew of the Timberwolf Mountain shield volcano
(for location map, see Fig. 24; sample locations listed in Table 5).
latter sample produced the late Miocene, post-Fifes Peak date.

The

Major and

trace elenent chemical analyses were also performed on these samples
(sanple numbers NBM 8-21-4A, TM 10-8-4A, and STM 10-24-2B, respectively);
results are listed in i^jpendix III.

Tieton Volcano apron
The late Oligocene date (approximately 26 Ma) for the Tieton Volcano
apron flow corresponds roughly to vhole rock K/Ar ages obtained by Carkin
(1988) for the Edgar Bock member of the Fifes Peak Formation about 20 km

100

TABLE 4.

WHOLE RDCK K/Ar ANALYSES FOR THE TIMBEKOLF MCXJNTAIN AREA

K/Ar ANALYSES

TM 10-8-4A

(#2)

STM 10-24-2B(#l)

SAMPLE #;

NBM 8-21-4A

ROCK TYPE;

Same as (#1)
Andesitic flow, Andesitic flow Andesitic flew
II
II
II
.
fran
Tirtiberwolf
apron facies
Tirribervrolf Mtn.
II
II
II
facies. Fifes
Tieton Volcano,
Mtn.
Fifes Peak Ehi.
Peak Ehi.
2.07
2.07

1.2 + 0.02
n=2

0.644 + 0.010
n=2

0.648
0.647

(cc/gm)

2.1079X10“^

1.1279x10"^

0.2021x10“®

0.1963x10"®

(mol/gm)

0.9406x10"^°

0.5033x10“^°

0.092x10“^°

0.0876x10"^®

%Ar^;

89.3

87.0

2.3*

1.8*

DATE;

26.0 + 0.8 Ma

24.0 + 0.8 Ma

8.1 + 3.5 Ma

7.8 + 3.7 Ma

MATERIAL ANALYZED; Whole rock
DECAY CCaJSTANTS; 4.96/.581/1.167
ANZ^YZED BY; J.H^akal Sc D.Runkle, University of British Columbia

* Sample contains a lot of atmospheric argon and is not ideally suited for
K/Ar analyses.
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TABLE 5.

K/Ar SAMPLE UXimObtS

SAMPLE #

SITE

LOCATIOI

47

NBM 8-21-4A

46° 43.4' N,

121° 11.2' W

86

IM 10-8-4A

46° 45.6' N,

121° 8.1' W

STM 10-24-2B

46° 45.4' N,

121° 8.8' W

119

Figure 24:

Locations of vJiole rock K/Ar saitples.
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to the north, but conflicts with zircon fission-track dates of Vance and
others (1987).

The Burnt Mountain tuff (see Rattlesnake Creek tuff

Section, Table 2), projected to underlie tlie Tieton Volcano apron, was
dated by Vam.ce and others (1987) at auround 25 Ma.
Radiogenic Ac content frcxn the apron flew sample was quite high
(Tbble 4), and the resulting K/Ar age for the flew of 26.0 + 0.8 Ma has
less than 5% uncertainty.

In cenparison, the tuff fission-track age has

arcund 10% uncertainty associated with it.

A nore detailed stratigraphic

dating study using multiple dating methods will no doubt be necessary
before a consistent time-sequence is established in the volcanically
cenplex central Cascades.

The author, however, believes that the 26 Ma

apron age probably is a more accurate depiction of the true age of Tieton
Volcano.

Intense intrusive activity at Burnt Mountain after the

deposition of the tuff may have had an influence on the fission-track
date, possibly resulting in the partial annealing so that the 25 Ma age
reflects a later

thermal event rather than the actual time of tuff

deposition.

Shield volcano at Tirtibervolf Mountain
An andesitic flow from near the base of the Timberwolf Mountain shield
produced a late Oligocene age about 2 million years younger than the
Tieton Volcano aprai (Table 4).

Ihe approximately 24 Ma age of the shield

makes this volcano coeval with at leeust part of Carkin's Nile Creek member
at Cliffdell (Carkin, 1988), the youngest informal member of the Fifes
Peak Formation in that area.

Radiogenic argon content for this shield saitple

was also relatively high (87%) and again produced an apparently reliable
date (Table 4).

Additionally, field relations in the study area sipport
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an age for the shield that is younger than Tieton Volcano.

Anonalous late Miocene date
As stated above, an unexpected late Miocene age vas produced by an
andesite sanple fran vhat was initially assumed to be a late-stage flow
associated with Timberwolf Mountain shield-forming eruptive activity.

The

initial vhole rock K/Ar analysis produced an age of 8.1 + 3.5 Ma for this
flew (Table 4).

Ihe greater than 40% uncertainty associated with the age

is a result of the extremely lew K content of the sample (see chemical
analyses, i^pendix III).

A second analysis of the flow resulted in a

corroborating date of 7.8 + 3.7 Ma (Ifeible 4).

The reproducible age of

around 8 Ma identifies this flow as a post-Fifes Peak Formation unit
overlying dacitic flows of the Fifes Peak-age shield volcano and of
catparable age to other late Tertiary volcanic remnants of the central
Cascades of Washington.

A dacitic flew, for exaitple, from an area

northeast of Bunping Lake yielded an approximately 9 Ma age (Ehiith and
others, 1988), vhile a dacite frem Nelson Butte was dated at about 3 Ma
(Schreiber, 1981).

Sunmary
Late Oligocene vhole-rock K/Ar dates of 26 and 24 Ma were obtained
for Tieton Volcano and the Timberwolf Mountain shield volcano of the Fifes
Peak Formation.

These ages are in agreement with several K/Ar ages for

two informal Fifes Peak members in the Cliffdell area mapped by Carkin
(1988), indicating that volcano-building eruptions in the Tieton River and
Rattlesnake Creek areas were coeval with the volcanic activity in the
Cliffdell area to the north.

K/Ar ages from the study area, however,

conflict with fission-track dates on zircon from older and interbedded
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rhyolitic tuffs by Vance and others (1987), deionstrating that a detailed
stratigraphic dating study arploying multiple dating techniques vd.ll be
required to resolve these inconsistencies.

Finally, an unexpected late

Miocene age of approximately 8 Ma showed that post-Fifes Peak (and postColuitibia River Basalt Group) Cascade arc activity existed in the study
area.
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UPPER MIOCENE OR PLIOCENE(?) VOLCANICS

INTRCOJCnOJ
t^per Terticiry volcanic rocks are not abundant in the central
Cascades (Walsh and others, 1987), but several upper Miocene to Pliocene
units have been recorded frcm Nelson Butte and Rattlesnake Peaks
(Schreiber, 1981), McNeil Peak (Clayton, 1983), and neeir Bunping Lake
(Shdth and others, 1988) (Fig. 25).

Mid-Pliocene fission-track and K/Ar

ages of around 3 Ma were obtained for dacite porphyries by Schreiber
(1981) and Clayton (1983) for exposures several kilcmeters north and west
of the study area, respectively.

An approximately 9 Ma age for a dacite

fron the Bunping Lake ctrea suggests that sources for the large volume of
dacitic material within volcaniclastics of the Ellensburg Formation may
have been in that area (Snith and others, 1988).

Other probable Miocene-

Pliocene rocks in or near the study area include the shallow hornblendeandesite intnasion of Shellrodc Peak (Swanson, 1978), the pyroxene
andesite plug(?) of Ironstone Mountain (Swanson, 1964, 1978), and an
olivine basalt flow and related plugs on Bethel Ridge (Swanson, 1964,
1978) (Fig. 25).

In addition, a whole-rock K/Ar analysis for this report

of a pyroxene andesite flow at Timberwolf Mountain (Fig. 25) yielded late
Miocene ages of 8.1 + 3.5 Ma and 7.8 + 3.7 Ma (see discussion of K/Ar data
in previous section).

OLIVINE BASALT OF BE7IHEL RIDGE
An olivine basalt dike mapped northeast of Burnt Mountain (Plate 1)
is probably equivalent to a series of small plugs of olivine basalt and a
related(?) flow near Cash Prairie (western Bethel Ridge) south of the map
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Figure 25:

Location map of upper Miocene/Pliocene volcanics in the
vicinity of the study area. Open diamonds: sites of upper
Miocene to Pliocene volcanic rocks; 1: olivine basalt dike
northwest of Cash Prairie; 2: upper Miocene andesite flew at
Timbervolf Mountain.
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area.

Ihe basalt was presumed by Swanson (1964, 1978) to be of late

Tertiary, probably late Miocene or Pliocene, age on the basis of field
relations.

An episode of faulting is constrained to the late Miocene or

Pliocene by the truncation of the dike northeast of Burnt Mountain (Plate
1).

The thin (approximately 0.75 m thick) vesicular dike intrudes a

brecciated andesite flow of the Tieton Volcano apron and parobably records
a shallow intrusive event (Fig. 25).

Crude columns are developed

perpendicular to dike walls and chilled dike margins.

A geochemical

analysis of the unaltered dike (saitple # NBM 8-20-lA) appears in Appendix
III (a brief discussion appears in Geochemistry of Fifes Peak Formation).

UPPER MIOCENE ANDESITE FLiC»{ AT SOUTHERN TIMBEPWQLF MOUNTAIN
Hie newly discovered upper Miocene flow shows that sane andesitic
eruptions were occurring in the region with an unknown relationship to
possibly coeval dacitic rocks to the rxirth.

Hie vitric flow overlies

andesitic and dacitic flows of the Tiiriberwolf Mountain shield volcano,
strongly resembles the fine-grained dacites, and was assumed during
mapping to be part of the i^per shield.

Hie areal extent of this flow was

therefore not mapped (and it does not appear on Plate 1).

Ccmparison of

geochemical data of the approximately 8 Ma andesite with that of the flows
in the underlying Fifes Peak Pormatiai (see Geochamistry, Fifes Peak
Formation) also indicates that the flow was of a non-Fifes Peak source.
Extremely low K values in the unaltered flew led to a high degree of
uncertainity in the K/Ar age-determination, but the late Miocene age
appears to be valid (see discussion in K/Ar section of Fifes Peak
Formation).

Physical similarity between the upper Oligocene and ijpper

Miocene pyroxene andesites suggests that detailed mapping of individual
flows and further dating will reveal more volcanics of similar late

108

Miocene ages.

Petrography of soutliem Timbervolf Mountain flow
This porphyritic andesite flew (sanple #STM 10-24-2B) is similar to
flews of the Fifes Peak Formaticai;

abundant euhedral to suthedral

andesine (ranging An22 to An^g), hypersthene, and augite phenocrysts with
lesser amounts of magnetite.

Populations of calcic oligoclase and sodic

labradorite are also present, but the most cannon plagioclase phenocryst
cen^osition appears to be of andesine (approximately An2g).

C3oarse-

grained andesitic lithic fragments carposed of plagioclase, pyroxene, and
opaque minerals cure cemnon.

Lithic cerponents carmonly have calcitic

alteration, vhile the host rock has only slight sericitic alteration of
plagioclase.

Plagioclase phenocrysts ccmtonly ccxitain inclusions of glass

and in places have a sieve textiare around crystal margins.

The groundmass

texture is mainly hyalopilitic with trachytic textures appearing near the
flow tcp.

The coarse-grained and more highly altered lithic fragments,

when cotpared to the finer-grained seriate texture of the flew, suggests
that the lithics were derived frem older altered flows (Timberwolf
Mountain shield?) or possibly ripped fran conduit vails during erupftion.

Possible source(s) for the pyroxene andesite at Timberwolf Mountain
No source for the late Miocene pjyroxene andesite of Timberwolf
Mountain appears to exist within the confines of the map area.

Three late

Tertiary andesitic bodies several kilcmeters south of Timberwolf Mountain,
however, could possibly be sources for the Timberwolf andesite flow, but
precise genetic relationships remain unknown at this time.

These bodies

are briefly described below.
Two andesitic intrusions several kilcmeters south of Timberwolf
Mountain have an unknown relationship to the upp»r Miocene pyroxene
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ardesite flow (Fig. 25).

Tlie hypabyssal intrusion at Ironstone

Mountain may be the most probable source for the Tiiriberwolf flow; other
shallow intrusives of the apparopriate age (such as Shellrock Peak and
McNeil Peak) cire predaninantly hornblende dacites or andesites and will
not be discussed.
Ironstone Mountain is a columnar intrusion (plug?) of upper Miocene
to Pliocene age (Swanson, 1964, 1978).

Ihe sparsely phyric pyroxene

andesite contains extensive clay and iron oxide alteration of primary
minerals (Swanson, 1964).

No detailed petrographic descriptions or

geochanical data eure available for a more precise catparison between the
flow at Tirtibervolf Mcxintain and the intrusion at Ironstone Mountain.

A

remnant of a pjyroxene andesite flow, however, lies below an olivine basalt
flow (possibly equivalent to the olivine basalt dike described above) west
of Cash Prairie on Bethel Ridge that filled a channel eroded into a
rhyolitic pumice flow (Svienson, 1964, 1978).

The pyroxene andesite

rannant lies approximately between Ironstone and Tirtiberwolf Mountains.
An andesitic intrusive or extrusive(?) done crops out east of Cash
Prairie on western Bethel Ridge (Swanson, 1964, 1978).

A major element

geochemical analysis is listed by Swanson (1964, 1966, 1978).

Swanson

correlated this done with the Fifes Peak Formation rather than as ein upper
Miocene volcanic.

Ehenocryst ccirpositions (augite-hypersthene andesite)

between the TiitiberwDlf ^tountain flew and the vitric Bethel Ridge done are
coiparable, but chemically the flow is more silica-rich than the done.
In suirmation, a source for the upper Miocene andesite flow of
Timberwolf Mountain cannot be ascertained by direct field evidence at this
time.

Available geochemical and petrographic evidence is inadequate for

an accurrate determination of intrusive/extrusive relationships.
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UNDIFFERENTIATED ANDESITIC INTRUSIONS

INTRCDUCTIC»J
Several undifferentiated mid-Terticiry andesitic intrusions appear
within the map area (Plate 1).

The shallow-level intrusives are primarily

cctrposed of phyric pyroxene arxiesite.

Itie majority of these intrusions at

their present level of exposure intrude Chanapeoosh tuffs and are
therefore no older than mid or late Oligocene.

The only intrusions

observed to disrupt Rattlesnake Creek or Fifes Peak rocks are the
intrusive ccrrplex of Timberwolf Mountain and Burnt Mountain intrusives.

INTTRUSiraJS IN THE NORTHERN PORTIO!! OF THE MAP AREA
Andesitic stocks at the confluence of Rattlesnake Creek and a
tributary, Hindoo Creek, along the NW margin of the map area (Plate 1) are
probably joined at depth and part of a Icurger pluton.
Rattlesnake Creek vere mapped by Schreiber (1981).

Intrusives north of

Several dikes appear

to originate frcm the undifferentiated intrusions of this area (Plate 1),
but their relationship to the Timbervolf Mountain intrusive corplex is
unknown.

It is conceivable that the Hindoo Cre^-Rattlesnake Creek stock

is related to Timberwolf shield intrusive activity.

Mditional detailed

mapping, geochemical analysis, and dating are needed to test this
possiblity.

INTRUSIVES NORTHWEST OF CASH PRAIRIE
IVo andesitic bodies, elevations 4485 and 5023 on Plate 1, crop out
in the SW portion of the map area and intrude rocks of the upper
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Qianapecx5sh Formation and upper Bocene(?) sedimentary rocks, respectively.
The intrusion NE of Burnt Mountain (el. 5023) has necir-vertical, irregulcur
jointing; contacts wtih Eocene (?) sandstones and conglonerates are not
exposed.

Hie andesite of this locality is relatively coarse-grained and

poxptiyritic with abundant calcite cind chlorite alteration of prinary
minerals.

Highly altered plagioclase phenocrysts up to Sm long are

within a pilotaxitic groundmass.

Mafic minerals eire ccrpletely replaced

by chlorite and calcite, but sane octagonal and prismatic pseudcmorphs
suggest that pyroxene was the original phenocryst corponent.

Cubic opaque

minerals (magnetite + pyrite) are abundant and disseminated throughout the
groundmass.

Sane subhedral magnetite phenocrysts are also present.

Ihe

irregulcir jointing style and relatively fine-grained groundmass texture of
the 5023 exposure NE of Burnt Mountain indicate that this was a shal lewlevel intrusion.
Original phenocryst conponents and subsequent alteration of primary
minerals of the 5023 intrusion and upper Ohanapecosh flows are similar.
Proximity to coarse deposits of the upper Chanapecosh member, ccmpatible
mineralogies, and a probable shallow intrusive nature allows for the
speculation that the 5023 (and possibly the 4485) intrusion may be the
eroded root of an Chanapecosh vent that provided volcanic and pyroclastic
material for proximal upper Chanapecosh deposits within the study cirea.
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SUMMAEy AND DISOJSSI(»J

SUMMAEy OF THE QLIGOCENE VOLCANIC STRATIGRAPHY OF THE STODY AREA
Mid-Tertiary Cascade-arc rcx:ks of the study area are cotprised of the
Chanapecosh, Stevens Ridge, and Fifes Peak Fontations.

These Oligocene

arc rocks overlie tectonized Jurassic-Cretaceous rocks of the Rimrock Lake
inlier and upper Bocene(?) fluvial deposits and are in turn overlain by
scattered remnants of Miocene to Pliocene volcanics.

The andesitic to

dacitic volcanics of the Chanapecosh Formation are the oldest rocks of the
(Cascade arc (uppermost Eocene(?) or lovver Oligocene to middle Oligocene)
and are represented by two facies vd-thin the study area.

The older of

these is the Wildcat Creek facies, an approximately middle to upper
Chanapecosh assemblage of subaqueous, distal lapilli tuffs.

Wildcat Creek

rocks are gradaticxial with the proximal andesitic flows and debris flews
of the Tirtiberwolf Mountain facies.

These younger, proximal deposits

indicate the initiation of vents within or neeir the study area and an
accanpanying change of depositional environment fran distal, subaqueous
(Wildcat Creek facies) to proximal, subaeriaK?) (Timbervvolf Mountain
facies) deposition.
Upper Oligocene rhyolitic to rhyodacitic pyroclastics and related
volcaniclastics of the tuff sequence of Rattlesnake Creek overlie upper
Chanapecosh Formation facies within the study area with a slight
disconformity.

Rattlesnake Creek rocks ccmpositional ly,

stratigraphical ly, and chrcxiological ly resemble rocks of the Stevens Ridge
Formation within Mt. Rainier National Park and are probably equivalent.
1-2 m.y. hiatus apparently existed between Chanapecosh and Rattlesnake
Creek volcanism.
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A

FJhyolitic ash-flow depDsits within the study area are cximonly
interbedded with andesitic flows or apron deposits fran two volcanoes of
the Fifes Peak Formation.

Apron facies deposits of the lieton strato-

volcano, the older of the tvro volcanoes, cure abundeint in the southern
porticai of the map area, vhile a dissected shield volcano at Tirribervolf
Mountain was the probable source for andesitic units of the Fifes Peak
Formation in the northern portion of the map area.

A network of dikes

probably related to cin intensely intruded and hydrothermal ly altered area
exposed on the northeastern flank of Timberwolf Mountain appears to have
been the eruptive center of the shield volcano.

THE STEVENS RIDGE PROBLEM
A recent paper by Vance and others (1987) suggests that usage of the
Stevens Ridge Formation be abandoned and that the silicic tuffs overlying
Chanapecosh deposits and interbedded with andesitic units of the Fifes
Peak Formation should instead be incorporated within the Fifes Peak.
Vance and others (1987) observed that the type Stevens Ridge within Mt.
Rainier Naticaial Park (Fiske and others, 1963) is younger than rhyolitic
ash flows previously correlated with the unit in the vicinity of the study
area and that the type Stevens Ridge is also younger than the basal Fifes
Peak Formation exposed at Fifes Peaks (see Chronology discussion below;
also Table 6).

In addition, Vance and others (1987) contend that

continuity of stratigraphic position is not maintained and that
mineralogies of rock units are not consistent within the out-lying
rhyolitic rocks correlated w/ith the Stevens Ridge Formation by other
workers.

They propose, therefore, that the stratigraphical ly and

chronologically diverse rhyolitic units be included wdthin the Fifes Peak
Ebrmation, with which the rhyolites are so camonly interbedded.
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The designation of Stevens Ridge and equivalent rocks as a formation,
however, is probably valid, within the confines of the south-central
Cascades.

General stratigraphic position of rhyolitic tuffs in this area

(overlying the Chanapeoosh Formation and underlying Fifes Peak andesites)
appeairs to be consistent with Stevens Ridge rocks at Mt, Rainier;
Rattlesnake Creek tuffs overlie Chanapecosh rocks, and the thickest
portion of the unit underlies deposits fron Fifes Peak volcanoes.

Also,

probably more them one magma chamber was responsible for eruprtions that
paroduced Stevens Ridge rocks, so it is likely that subtle changes in
rhyolitic mineralogy between deposits do not make a valid discriminatory
tool.

Conflicting ages reported for Stevens Ridge rocks can best be

explained by the base of the Formtion lying outside of the type area at
Mt. Rainier.

Basal Stevens Ridge rocks may instead be located in the

vicinity of the study area (26-27 Ma rhyolitic ash flows of the basal
porticxi of the tuff sequence of Rattlesnake Creek).

It is likely that the

vents (such as the Mt. Aix caldera) that paroduced rhyolitic ash flows of
the Formaticn were initiated east of Mt. Rainier, approximately 1 to 2
nuy. or less after the cessation of ij^^per Ohanap)ecosh vents in that area.
Upper Chanapecosh vents had apparently migrated eastvard, paroducing the
proximal facies exposed at Timberwolf Mountain that eire overlain with only
slight disconformity by rhyolitic tuffs of the tuff sequence of
Rattlesnake Creek.
A further change in eruptive style produced the alternating rhyolitic
ash flow and andesitic flow deposits observed within the study area.
Rhyodacitic vent or done systems, rather than caldera-collapse events,
probably produced the less voluminous silicic tuffs interbedded with the
Fifes Peak andesites.

Further detailed mapping of Oianapiecosh, Stevens
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Ridge, and Fifes Pecik rocks, however, in addition to further geochemical
cinalyses eind dating of units, will be required before the issue of Stevens
Ridge designation is resolved.

C3M»JCLCX3Y
Whole rock K/Ar and zircon fission-track dates for Oligocene
volcanics fran Tiitibervrolf Mountain and surrounding areas are listed in
Ibble 6.

Zircon fission-track dates of the Wildcat Creek facies of the

Chanapecosh Formation eire middle Oligocene.

Overlapping ages of Fifes

Peak and Rattlesnake Cre^ units reflect the interbedding of these units
observed within the study areeu
Dated rhyolitic rocks of the tuff sequence of Rattlesnake Cre^ (plus
age-correlative tuffs in the Cliffdell and Fifes Peaks areas) have ages
ranging fran around 27 Ma to about 23 Ma (Table 6).

Several thick units

of rhyolitic tuffs [fran Bismark Peak, Rattlesnake Creek (basal portion),
and Bunping Lake; see Ibble 6] yielded ages of about 27 Ma and are
inferred in this report to be correlative.

These tuffs were possibly

deposited as a result of the same emptive event(s); for example the
collapse of the Mt. Aix caldera and the extrusion of the rhyolite and tuff
of Bismark Peak.

The tuff of Burnt Mountain is also a likely equivalent

of these rhyolitic units based on coiparable stratigraphic position,
thicknesses, and the facies types present.

The zircon fission-track ages

of the rocks (Vance and others, 1987), however, do not reflect this.

The

discrepancy in ages between the Burnt Mountain tuff and the other thick
rhyolitic sections could be the result of later intrusive activity re
setting (annealing) zircons in the tuff.

If this is true, then the

approximately 25 Ma date obtained jfor the Burnt Mountain tuff actually
represents the approximate time of the Burnt Mountain intrusive event (see
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TABLE 6.

COMPILATICa!! OF

PiCES FRCM THE TIMBEF50LF MOUNTAIN VICINITY

UNIT

DESCRIPTT(»I

FIFES PEAK
PORMATKai

Nile Creek meniber,
Clifj6dell area

RATTLESNAKE
CREEK TUFF
SEQUENCE

OHANAPECOSH
FORMATIC*J

Note;

WHOLE ROCK
K/AR

ZIRCON
FISSiaSI-TRACK

19.5 + 1.0 Nb(l)
24.2 + 1.2

Shield volcano at
Tiniberwolf Moimtain

24.0 + 0.8

(4)

Edgar Bock meniber,
Cliffidell area

23.8 +1.2
24.1 +1.3
26.7 + 1.3

(1)

Tieton Volcano apron

26.0 + 0.8

(4)

Pumice flew units,
Bethel Ridge

23.3 +

2.0Ma(3)

Pumiceous tuff,
Cliffdell area

23.3 +

2.4

(1)

Burnt Mtn. tuff

24.6 +

2.4

(3)

Pumice-lapilli
tuff. Fifes Peaks

26.2 +

2.8

(3)

Tuff frem Bismark
Peak, Mt. Aix caldera

26.3 +

1.3

(3)

Rattlesnake Cre^ tuff

26.8 +

1.4

(2)

Bumping River tuff

26.6 +
3.6
27.7 + 5.0

(3)

Wildcat Creek tuff,
Nelson Butte area

30.1 +

1.5

(2)

Wildcat Creek tuff,
Tieton River area

32.2 +

3.3

(3)

Data frem (1) Carkin (1988),
(1988), and (4) this study.

(2) Schreiber (1981),
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(3) Vance and others

Structiaral Relations svibsection of the Fifes Peak Formation, p.84).

A 24

or 25 Ma date for intrusion and faulting at Burnt Mountain vould be
convenient, as early flows of the Fifes Peak Formation shield volcano at
Tiiiiberwolf Mountain are also approximately this age.

Geochemical cinalyses

of intrusives fran Burnt Mountain and Tiiiiberwolf Mcuntain si;5^rt the
possiblity of similar magmatic events at the two localities (see
Geochemistry of Fifes Peak Formation).
Ash flows correlated in this report with the upper portion of the
tuff sequence of Rattlesnake Creek have ages of around 23 Ma and are
interbedded with ccmparably dated Fifes Peak Formation andesitic flows and
related volcanic deposits.

Tuffs of the upper Rattlesnake sequence appear

to be less voluminous than earlier eruptions of the sequence.

Also, ash-

flow interbeds are more catmon at the base of the Tiiiiberwolf Mountain
shield volccino, vsSiile tuff interbeds are less abundant between the dacitic
flows of the tpper shield.

Thus it appears that rhyolitic ash-flow

eruptions occurred with progressively less frequency in the late Oligocene
as andesitic eruptions increased.
Shield and stratovolcanoes of the Fifes Peak Formation appear to be
of roughly two age groups:

an older, approximately 26 Ma group and a

younger one of around 24 Ma (Thble 6).

Tieton Volcano and the Edgar Rock

member of the Cliffdell area are of broadly the same age, and the shield
volcano at Timberwolf Mountain may be coeval with the Nile Creek member,
or possibly the upper Edgar Rock member, of the Cliffdell eirea.
As early Cascade arc rocks beccme more thoroughly dated, there will
probably be less of a distinction between CSianapecosh, Stevens Ridge, and
Fifes Peak Formation ages.

Potentially only short (less than 1 nuy.) gaps

may exist betwsen three major styles of eruptions within the Cascade arc.
Ctoserved unconformities between many volcanic units may be the result of
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repeated cessation and initiation of eruptive centers at differing
localities over a relatively short time span.
Formation is a possible exanple.

The L^jper CJhanapecosh

Neeir the end of Chanapecosh time, vents

appear to have moved sonevAiat eastvard of their ecirlier locations,
allowing for a substantial airount of erosion and deformation to be
recorded in the vAest viiile deposition was occurring relatively
ccxitinuously to the eeist of the Cascade crest.

MID-TERTIARX’ VOLCANIC HISTOFY OF Hffi STUDY AREA
A possible eruptive history for the Timberwolf Mountain vicinity is
further constrained by ages listed in Table 6; the volcanic succession and
approximate timing of events is illustrated in Figure 26 and described
below.

28-27 ^
Deposition of proximal upper Ohanapecosh Formation (Titriberwolf
Mountain facies) debris flows eind andesitic to dacitic flows frcm vents in
or near the Timberwolf Mountain area occurred at this time.

Proximal

upper Chanapecosh facies overlie and are gradational with distal Wildcat
Creek facies.

An approximate age of 28-27 Ma vias assumed for these upper

Ohanapecosh events because ages of around 28 Ma were obtained for upper
Chanapecosh units within Mt. I?ainier National Park (Vance and others,
1987) and an approximately 30 Ma age was determined for Wildcat Creek
facies rocks fran the Nelson Butte area that underlie deposits of the
proximal Timberwolf Mountain facies.

26-24
Shortly after the cessation of upper Chanapecosh eruptions (1-2 nuy.
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26-24 Ma

MT. AIX
CALDERA COLLAPSE

TIETON VOLCANO
DEPOSITS
RATTLESNAKE CREEK
TUFF SEQUENCE
TIMBERWOLF MTN. FACIES
WILDCAT CREEK FACIES

POST 20 Ma
BISMARK PEAK
RHYOLITE i
MEGABRECCIA
TIMBERWOLF MTN. SHEILD REMNANT
LATE MIOCENE ANDESITE FLOW
TIETON
RATTLESNAKE CREEK
,
TUFF SEQUENCE
^TIMBERWOLF MTN. FACIES
WILDCAT CREEK FACIES

Figure 26

Generalized illustrations of volcanic succession within the
vicinity of the study area.

or less), voluminous eruptions of rhyolitic pyroclastics (preceded by the
daning of the Rimrock Lake inlier basement as a result of magma chamber
development beneath the area prior to the eruptions) occiarred over a brief
time interval and resulted in:

(1) thick (around 300 m) accumulations of

pyroclastic material in the Burnt Mountain, Bumping River, and Rattlesnake
Creek areas (basal units of the tuff sequence of Rattlesnake Creek); (2)
the collapse of the Mt. Aix caldera (i^jper Chanapecosh rocks subsided into
the Mt. Aix caldera cind were covered by rhyolitic deposits); (3) extrusion
of rhyolite and formation of megabreccia along the segment of the caldera
ring fracture at Bisnark Peak; and (4) initiation of the andesitic Tieton
Volcano and deposition of its apron facies occurred possibly less than 1
nuy. after the caldera collapse.

24-20
Basal flows of the Fifes Peak shield volcano at Tiirberwolf Mountain
were extruded around 24 Meu

Ecurly flows of basaltic andesite were

interbedded with rhyolitic ash flows fran the upper portion of the
tuff sequence of Rattlesnake Creek.

Ash flows were derived fran silicic

vents (plugs) that were possibly satellite vents of adjacent andesitic
volcanoes.

The Tinberwolf Mountain shield volcano differentiated to

dacitic flews with later erxptions.

Fifes Peak Formation eruptions ceased

at approximately 20 Ma [inferred from dates by Carkin (1988) and Hartman
(1973)].

Post 20 Ma
Erosion and seme deformation of Fifes Peak units occurred before
deposition of Colurtbia River Basalts (frem the east) at around 16 I^.
Cascade arc was apparently dormant frem approximately the early Miocene
until the late Miocene or Pliocene (inferred fran an absence of middle
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The

Micx:ene, post-Fifes Peak Formation, dates).

The eruption and deposition

of a hypersthene andesite flow occurred curound 8 Ma at southern Timberwolf
Mountain.

PETROOTffiSIS
The geochemical and petrographic analyses of mid-Tertieiry volcanic
rocks of the central Cascades, particularly the Fifes Peak Formation
volcanoes in and near the map area, allow for interpretation of the
petrochemical evolution of this segment of the Cascade volcanic arc.

CMAS

projections of geochemical data frcm Tieton and Timberwolf Mountain
volcanoes suggest a crystal fractionation depth for these magmas of
approximately 18 km (5 kbar) and a meltwater content of about 2%.

TERTIAFY EVQLUTICaJ OF THE CE3STRAL CASCADES
The eruptive styles of the Chanapecosh, Stevens Ridge, and Fifes Peak
Formations are related to an overall volcanic evolution of the central
segment of the Cascade cure.

Three distinct stages in this evolution Ccin

be recognized:
Stage 1 (Qhanapecosh);

Subaquecus and subaerial deposition of thick

sequences of andesitic tuffs and associated flows originating from a large
number of vents and Icw-lying shield volcanoes.
Stage 2 (Stevens Ridge):

Initial rhyolitic eruptions accatpanied by

a decrease in Stage 1 andesitic eruptions.

A brief hiatus in eruptive

activity before the eruption of large volumes of rhyolitic tuffs (with
seme flows) and the si±isequent formation of isolated calderas.
Stage 3 (Fifes Peak):

Andesitic eruptions and the formation of

shield and stratovolcanoes, initially associated with Stage 2 rhyolitic
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(caldera-paroducing) eruptions.

Rhyolitic to dacitic eruptions fron small

satellite vents were possibly related to differentiation of the andesitic
volcanoes.

Interbedding of relatively small volumes of rhyolite (possibly

fron satellite vents) with andesitic flows occured along the flanks and
within the aprons of seme andesitic volcanoes.
Stages 2 and 3 are of substantially less volume than Stage 1; Stage 2
was apparently gradational with the end of Stage 1 and beginning of Stage
3.

Discussion
A volcanic successicxi simileir to that produced by the evolution of
the Cascades occurred within the Oligocene San Juan volcanic field in
Colorado (Steven and Lipman, 1976).

Caldera development in the San Juans

was believed by Steven cind Lipman (1976) to correspond with the
erplacement of an underlying shallow batholith and to be located above
local high-level magma chambers that developed at the roots of clustered
volcanic centers of an early cindesitic stratovolcano-phase of eruptions
that occurred before the batholith rose bo shallow crustal depths.

Post-

col lapsse volcanics were dominated by andesites because only limited
volumes of silicic differentiates formed at the top of the rising magma
chambers.
The main differences between San Juan and Cascade evolution are that
silicic eruptions and caldera formation in the Cascades were not as
voluminous as in the San Juans and that later-stage andesitic volcano
(Fifes Peak) deposits were more abundant.

The similarities between

Cascade and San Juein volcanics may be more than coincidental, possibly
reflecting a similar evolution of the volcanic fields.

The Cascades,

however, compose a volcanic arc, rather than a continental volcanic field
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like the San Juans.

Any itagma generation in the Cascades is probably

related to subduction.

Presumably dehydration of the subducted slab

initiated partial melting in the overlying continental mantle wedge, vhich
produced basaltic nagraas.

The basaltic magmas could ascend through the

granulite(?)-facies lowsr crust before beccming trapped at the boundary
between the upper and the lower crust because of density contrasts (the
upper crust is less dense than the basaltic magma).

Andesitic melts are

produced at this boundary through crystal fracticnation with the less
dense andesitic melts then capable of continued ascent through the i:5>per
crust (Fig. 27).
The voluminous andesitic eruptions that produced the Ohanapecosh
Etormation indicate that a substantial amount of basaltic magma was
generated at depth and accumulated at, or underplated, the base of the
i;5>per crust.

Prolonged underplating of the high-tenperature basaltic

magmas prcAably caused partial melting of the overlying continental crust,
producing hydrous silicic magmas that led to the rhyolitic caldera-forming
eruptions of the Stevens Ridge Formation.

Similar underplating cind

partial melting of the upper crust has been proposed by Hyndman and Foster
(1988) for the generation of granitic melts of the Idaho batholith.
Silicic melts were apparently limited beneath the central Cascades, as
shown by the short diaration of rhyolitic ash-flow eruptions of the Stevens
Ridge evolutionary stage, vhich catnoily resulted in caldera collapse.
The limited production of silicic melts was probably a result of the
depletion of the low-temperature melting fraction of crustal material or
of a decrease in the rate of basaltic underplating.

Waning of silicic

magmas following Stevens Ridge-stage eruptions (possibly accorpanied by
collapse of calderas) resulted in the andesitic Fifes Peak eruptions
between rhyolitic episodes.
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Figure 27:

Simplified illustration of magma generation within the Cascade
volcanic arc.

Mditional constraints upon the initiation, duration, and volume of
these evolutioncury stages include the densities of the upper and lower
crust, the depth to the boimdcury between the upper and the lower crust
(and the depth to the Moho), and the thermal regime beneath the Cascade
arc in the mid-Terticu:Y.

Convergence rates between the North Anerican and

Farallon plates must also have influenced Cascade arc evolution, but all
of the above are beyond the scope of this study.
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APPENDIX I.

CTXX2ffiMICAL ANALYSES OF ROCKS FROM THE RIMROCK LAKE INLIER.

1

2

3

4

5

6

51.25
2.29
15.68
1.23
9.93
0.18
4.47
7.74
5.22
0.04
0.26

52.78
2.46
14.58
1.50
12.09
0.30
4.20
6.01
3.56
0.06
0.22

44.49
0.03
33.24
0.06
0.45
0.02
0.15
19.65
1.27
0.79
0.01

42.07
0.75
21.77
1.28
10.34
0.22
5.63
15.39
0.85
0.04
0.07

47.41
0.81
17.99
1.26
10.21
0.18
7.45
12.90
1.61
0.48
0.06

76.84
0.31
13.42
0.22
1.79
0.05
0.34
3.08
3.88
0.36
0.03

98.29
TOTAL
(vsei^t percent)

98.76

100.15

98.41

100.15

100.32

Ni(ppn)
Or
Sc
V
Ba
Rb
Sr
Zr
Y
Nb
Ga
Cu
Zn

2
14
27
331
331
2
364
138
42
6
19
1
118

ELEMENT

Si02
Ti02
A1203
Fe203
FeO
MnO
MgO
CaO
Na20
K20
P205

139
265
32
319
73
0
250
166
38
10
18
48
106

ANALYSIS
1
2
3
4
5
6

NOTE;

1
0
28
10
259
16
844
39
2
2
14
16
10

0
9
52
386
55
1
446
32
15
1
21
136
69

SAMPLE NUMBER
WTRR 8-26-G5B
WTRR 8-26-8
WTRR 10-4-A
WTRR 10-4-B
IC 8-27-4B
P 9--16-1

Chnormalized data.
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22
53
51
454
146
5
432
45
12
1
15
65
70

10
0
5
14
268
6
201
138
8
2
11
5
24

APPENDIX 1 (continued)

7

8

9

48.16
2.16
15.54
1.12
9.05
0.16
8.21
9.58
3.16
0.90
0.32

49.13
1.58
17.21
1.12
9.05
0.17
6.72
7.64
3.82
0.81
0.22

77.59
0.23
11.65
0.21
1.73
0.07
0.71
2.57
4.38
0.50
0.08

77.00
0.24
13.75
0.08
0.63
0.02
0.27
3.48
4.19
0.61
0.02

61.74
0.60
16.38
0.74
6.02
0.13
3.78
6.42
2.85
1.37
0.12

44.32
1.52
15.88
1.02
8.25
0.16
4.37
19.30
1.30
0.00
0.18

98.26
TOTAL
(wei^t percent)

97.47

99.72

100.29

100.14

96.29

Ni(ppn)
Cr
Sc
V
Ba
F!b
Sr
Zr
Y
Nb
Ga
Cu
Zn

199
514
29
276
96
18
190
111
25
11
20
68
108

7
0
5
32
128
9
97
60
7
1
9
5
30

ELEMENT

Si02
Ti02
A1203
Fe203
FeO
mo
MgO
CaO
Na20
K20
P205

61
204
36
327
97
14
287
151
30
32
16
67
71

ANALYSIS
7
8
9
10
11
12

NOTE;

10

10
0
13
14
147
13
273
146
8
2
9
9
10

SAMPLE NUMBER
WP 10-4-2
WP 10-4-3
FCDC 5-•138
SC 10-1-2
SC 10-1-4
WTRR 7-•30-lA

Unnontalized data.
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11

19
45
26
171
380
29
392
94
21
3
16
81
59

12

169
454
49
310
62
1
353
114
24
10
25
65
68

APPENDIX 1 (continued)

13

ELEMENT

14

15

16

69.29
0.59
15.30
0.45
3.60
0.06
0.86
4.41
3.64
1.46
0.13

50.19
1.28
16.36
1.17
9.44
0.21
6.33
10.22
3.44
0.00
0.14

56.25
0.82
20.12
0.79
6.41
0.18
3.84
2.42
7.15
1.05
0.24

46.55
2.04
15.13
1.32
10.64
0.20
6.78
11.02
2.67
0.13
0.19

99.79
TOTAL
(weight percent)

98.78

99.28

96.66

Ni(ppn)
Cr
Sc
V
Ba
Kb
Sr
Zr
Y
Nb
Ga
Cu
Zn

73
350
37
321
94
0
115
71
29
1
17
54
89

50
99
16
221
368
29
280
104
16
8
18
79
80

68
200
42
405
126
7
268
125
31
8
21
218
96

Si02
Ti02
A1203
Fe203
FeO
mo
MgO
CaO
Na20
K20
P205

4
0
15
51
395
23
218
107
26
1
18
3
47

ANALYSIS
13
14
15
16

NOTE:

SAMPLE NUMBER
WTRR 7-30-lA
WTRR 8-26-3A
BQ 9-16
SET 10-4-T2A

Ifrinormalized data.
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APPENDIX II.

LOCATIC»]S AND DESCRIPTIC*® OF GEOCHEMICAL SAMPLES FROM THE
RIMROCK LAKE INLIER

Ritnrock Lake 7.5 minute quadrangle

SITE

62
74
75
S5
61

SAMPLE NWffiER

LATITUDE

P 9-16-1
WP 10-4-2
WP 10-4-3
FCDC 5-138
BQ 9-16

46°
46°
46°
46°
46°

38.7'
38.1*
38.1'
37.8'
37.6'

LONGITUDE

N
N
N
N
N

121°
121°
121°
121°
121°

8.0' W
8.9' W
9.1' W
7.8' W
11.5' W

Foundation Ridge 7.5 minute quadrangle

67
69

SC 10-1-2
SC 10-1-4

46° 36.1' N
46° 36.1' N

121° 6.7' W
121° 6.6' W

46° 37.1' N
46° 37.0' N

121° 8.3' W
121° 10.1' W

46°
46°
46°
46°
46°
46°
46°

121°
121°
121°
121°
121°
121°
121°

Darland Mountain 7.5 minute quadrangle

70
77

SET 10-1-A
SET 10-4-T2A

White Pciss 15.0 minute quadrangle

50
52
53
53
55
22
24

WTRR 8-26-G5B
WTRR 8-26-8
WTRR 10-4-A
WTRR 10-4-B
IC 8-27-4A
WTRR 7-30-lA
WTRR 8-26-3A

38.4'
38.2'
41.6'
41.6'
41.6'
37.5'
37.5'

N
N
N
N
N
N
N

15.7'
16.8'
16.9'
16.9'
18.1'
15.6'
15.1'

W
W
W
W
W
W
W
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Location map of geochemical samples from the Rimrock Lake inlier

APPENDIX II (continued)

APPENDIX II (continued)

I MTRR 8-26-G5B; Pil lowed meta-basalt fran the western greenstone belt of
the Rimrock Lake inlier.
T, WTRR 8-26-8; Mafic layer fran an othrogneiss (possibly a tectonized meta
basalt dike or flew).
vnKl 10-4-A; Felsic dike intruding a foliated gabbroic unit of the Indian
Creek cernplex.
H\7TRR 10-4-B;
^ IC 8-27-4B;

Foliated gabbroic unit intruded by felsic dike WTRR 10-4-A.
Homblende-rich tonalite, Indian Creek canplex.

0 P 9-16-1;

Coarse-grained tonalite, Indian Creek canplex [the Peninsula
tonalite of Swanson (1964)].

n WP 10-4-2; Diabase dike exposed between the contact of pillowed meta
basalt and tonalite (eastern margin of Rimrock Lake).
^

10-4-3; Pillowed meta-basalt fran the eastern greenstone belt of the
Rimrock Lake inlier.

Cl FCEXI 5-138; Trondhjemitic drill core fran approximately 138 ft. below the
surface (southeastern Rimrock Lake; si:pplied by D. Gusey, U.S.F.S.).
1 ^ X 10-1-2; Trondhjemitic unit, Indian Cre^ carplex (Spencer Creek
exposures).
SC 10-1-4;
1

Tonalite, Indian Cre^ cenplex (Spencer Creek exposures).

SFT 10-1-A; Pillowed meta-basalt, eastern greenstone belt of the Rimrock
Lake inlier (South Fork Tieton River exposure).

^/V?TRR 7-30-lA; Teettmized phyric meta-volcanic fran the clastic subunit of
the Russell Ranch canplex.
H WTRR 8-26-3A; Sheared meta-basalt fran the clastic subunit of the Russell
Ranch canplex.
1^

BQ 9-16; Meta-tuff fran the chert-tuff subunit of the Russell Ranch
coiplex.

\& SET 10-4-T2A; Meta-basalt lense fran chert-tuff subunit of the Russell
Ranch carpi ex.
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APPENDIX III.

GEOCHEMICAL ANALYSES OF SAMPLES FROM THE
TIMBEFWOLF MOUNTAIN AREA

1

2

3

4

5

6

64.44
1.02
16.15
0.65
5.29
0.07
1.83
3.72
3.24
1.81
0.34

61.11
0.99
16.28
0.92
7.45
0.12
2.90
6.68
2.14
0.23
0.19

58.97
1.07
17.56
0.74
5.95
0.14
2.60
6.27
3.42
1.35
0.30

57.48
1.03
17.48
0.85
6.89
0.15
3.30
7.05
3.47
1.35
0.26

53.98
1.13
17.84
0.88
7.10
0.15
4.55
9.22
2.64
0.97
0.26

56.60
1.42
17.66
0.90
7.31
0.18
1.54
6.93
3.75
1.06
0.44

98.56
TOTAL
(weight percent)

99.01

98.37

99.31

98.72

97.78

12
28
22
172
515
37
362
155
23
10
19
34
75

20
84
22
196
373
21
407
134
23
8
19
47
73

4
3
31
90
510
31
347
253
42
20
22
41
83

ELEMENT

Si02
Ti02
A1203
Fe203
FeO
MnO
MgO
CaO
N^O
K20
P205

.

Ni(ppn)
Cr
Sc
V
Ba
Rb
Sr
Zr

4
0
16
67
370
66
281
222
32
13
20
35
31

y
Nb
Ga
Cu
Zn

ANALYSIS
1
2
3
4
5
6

NOTE:

9
31
22
152
447
6
283
194
38
12
20
16
48

12
15
24
317
607
39
317
176
27
11
23
31
76

SAMPLE NUMBER
IM 8-12--3
TM 8-12--3A
TM 10-8--IB
IM 10-8--4A
NTM 10-14-1
NIM 10-14-3

Lhnormalized data.
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7

8

9

64.69
0.67
15.85
0.58
4.67
0.10
0.98
4.09
4.17
2.27
0.19

64.47
0.67
15.99
0.59
4.75
0.12
1.14
3.96
4.76
2.25
0.19

56.38
0.99
16.77
0.85
6.84
0.16
3.42
6.11
3.14
1.80
0.28

58.14
0.99
17.63
0.85
6.88
0.14
3.02
6.26
3.68
1.58
0.28

55.02
1.14
17.08
0.90
7.29
0.19
4.92
6.87
3.03
1.12
0.26

53.22
1.19
18.29
0.98
7.89
0.19
3.94
9.60
2.73
0.80
0.24

TOTAL
98.26
(wei^t percent)

98.89

96.73

99.73

97.81

99.06

Ni(ppm)
Cr
Sc
V
Ba
Rb
Sr
Zr
Y
Nb
Ga
Cu
Zn

5
0
15
47
776
63
287
225
31
14
22
16
75

4
17
21
137
714
43
426
171
26
9
21
29
78

27
90
25
204
537
26
345
135
23
8
17
55
54

7
45
31
240
358
17
381
112
22
8
23
31
74

ELEMElJr

Si02
Ti02
A1203
Fe203
FeO
mo
MgO
CaO
Na20
K20
P205

8
1
16
32
819
65
264
226
30
13
23
17
76

ANALYSIS

7
8
9
10
11
12

NOTE:

10

6
14
21
134
1123
50
393
171
25
8
20
28
76

SAMPLE NUMBER
SIM 10-15-2
SIM 10-15-3
ElM 10-16-2A
EIM 10-16-2B
NIM 10-20-3
NIM 10-20-4

Uhnormalized data.
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APPENDIX III (continued)

13

14

64.56
0.66
15.80
0.56
4.54
0.11
1.07
3.53
4.62
2.76
0.19

63.82
0.72
16.20
0.62
5.05
0.13
1.59
5.32
4.23
0.82
0.20

98.40
TUEftL
(wei^t percent)

Ni(pFm)
Cr
Sc
V
Ba
Rb
Sr
Zr
Y
Mb
Ga
Cu
Zn

ELEMENT

Si02
Ti02
A1203
Fe203
FeO
MnO
ly^
CaO
Na20
K20
P205

8
0
14
42
802
87
296
224
30
12
19
18
64

ANALYSIS
13
14
15
16
17
18

NOTE:

15

16

17

18

53.66
1.24
18.18
0.91
7.39
0.24
4.11
8.90
3.23
1.03
0.32

59.49
1.38
16.29
0.87
7.05
0.15
2.28
5.60
3.99
2.02
0.38

51.55
0.99
17.46
0.81
6.51
0.13
5.59
11.98
2.84
1.04
0.16

54.38
1.38
17.39
1.38
8.54
0.18
3.41
7.88
3.18
1.25
0.27

98.70

99.20

99.50

99.20

98.93

8
7
18
60
792
45
618
227
31
13
20
19
77

30
43
28
203
464
29
390
127
24
11
21
56
78

4
0
21
106
652
64
284
214
35
18
22
33
83

35
255
40
200
389
17
496
102
22
5
19
39
68

20
31
23
186
458
33
324
158
28
11
16
74
79

SAMPLE NUMBER
IM 10-24-1
SIM 10-24-2B
NBM 8--19-5945-2
NBM 8-19-6235-2
NBM 8--20-lA
NBM 8--20-2

lAinontialized data.
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19

ELEMENT

Si02
Ti02
A1203
Fe203
FeO
MnO
MgO
CaO
Na20
K20
P205

62.72
1.08
15.79
0.75
6.07
0.15
1.54
4.32
4.17
2.61
0.37

20

21

22

23

24

25

54.03
0.94
17.09
0.92
7.42
0.17
5.64
8.58
2.70
1.08
0.20

56.09
1.08
17.27
0.79
6.38
0.18
2.73
7.66
3.16
1.29
0.21

55.99
1.10
17.54
0.81
6.51
0.12
3.62
7.80
2.67
1.72
0.26

57.22
1.06
17.51
0.83
6.71
0.15
3.47
7.28
3.29
1.57
0.26

62.03
0.90
16.45
0.80
6.48
0.17
1.31
4.73
4.79
1.63
0.35

59.82
0.93
16.52
0.76
6.14
0.13
2.72
5.89
2.96
2.09
0.17

TOERL
99.57
(weight percent)

98.77

96.84

98.14

99.35

99.64

98.12

Ni(ppm)
Cr
Sc
V
Ba
Rb
Sr
Zr
Y
Nb
Ga
Cu
Zn

46
152
28
173
391
36
298
104
19
8
19
54
67

7
14
25
182
856
32
343
136
26
10
20
39
73

12
46
26
173
589
53
552
165
25
10
22
26
81

7
36
25
157
539
47
384
161
26
10
24
32
82

6
0
19
18
552
43
301
196
34
11
25
17
93

9
25
20
140
584
69
261
175
27
9
23
24
71

3
0
17
51
793
85
250
255
40
18
21
18
78

ANALYSIS
19
20
21
22
23
24
25

NOTE:

SAMPLE NUMBER
NBM 8-21-4A
BM 9-30-2
BM 9-30-3C
NMJB 10-15
MJB 10-15-A
MJB 10-17-A
MJB 10-17-2A

Unnormalized data.
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APPENDIX IV.

LCCATiaJS AND DESC3HPTICNS OF TERTIAKf GEOCHEMICAL
SAMPLES FROM IHE STUDY AREA

Umbervolf Mountain 7.5 Minute Quadrangle

SITE

SAMPLE NUMBER

LATITUDE

35
36
84
86
90
92
98
99
103
103
113
114
118
119

TM 8-12-3
TM 8-12-3A
TM 10-8-lB
TM 10-8-4A
NTM 10-14-1
NTM 10-14-3
STM 10-15-2
STM 10-15-3
ETM 10-16-2A
EIM 10-16-2B
NTM 10-20-3
NIM 10-20-4
TM 10-24-1
STM 10-24-2B

46^ 46.6*
46° 46.7'
46° 45.7'
46° 45.6'
46° 46.3'
46° 46.3'
46° 45.3'
46° 45.3'
46° 45.6'
46° 45.6'
46° 46.6'
46° 46.7'
46° 45.9'
46° 45.4'

LMJGITUDE
N
N
N
N
N
N
N
N
N
N
N
N
N
N

i2iy
121°
121°
121°
121°
121°
121°
121°
121°
121°
121°
121°
121°
121°

9.3'
9.2'
8.6'
8.1'
9.4'
9.7'
8.8'
8.4'
8.3'
8.3'
8.6'
8.7'
8.7'
8.8'

N
N
N
N
N
N
N
N
N
N
N

121°
121°
121°
121°
121°
121°
121°
121°
121°
121°
121°

11.7' W
11.2' W
11.1' W
11.1' W
11.2' W
11.3' W
11.6' W
7.8' W
7.8' W
9.1' W
9.8' W

W
W
W
W
W
W
W
W
W
W
W
W
W
W

Rimrock Lake 7.5 Minute Quadrangle

41
43
44
45
47
65
66
100
101
104
105

NBM 8-19-5945-2
NBM 8-19-6235-2
NBM 8-20-lA
NBM 8-20-2
NBM 8-21-4A
BM 9-30-2
BM 9-30-3C
NMJB 10-15
MJB 10-15-A
MJB 10-17-A
MJB 10-17-2A

46°
46°
46°
46°
46°
46°
46°
46°
46°
46°
46°
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43.5'
43.3'
42.3'
42.8'
43.4'
41.8'
42.1'
44.5'
44.0'
44.4'
44.7'

■

APPENDIX IV (continued)
Location map of Tertiary geochemical samples from the study area
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APPENDIX IV (continued)

TM 8-12-3; Dacite flew in upper Qianapecosh Formation (Timberwolf
Mountain facies).
TM 8-12-3A; Andesitic dike frem the intrusive cenplex of Timbervolf
Mountain. Intrudes the Timberwolf Mountain facies of the Gianapecosh
Formation.
TM 10-8-lB; Fine-grained andesitic flow fran western Timberwolf Mountain
(Fifes Peak Formation, shield volcano flow).
TM 10-8-4A; Porphyritic andesitic flow fran basal portion of Timberwolf
Mountain shield volcano (peak 6175); K/Ar date of 24.0 + 0.8 Ma.
NTM 10-14-1; Basaltic andesite dike, intrusive carplex of Tinterwolf
Mountain. Intrudes the Timberwolf Mountain facies of the Ohanapecosh
Formation.
NTM 10-14-3; Andesitic flow in the upper Chanapecosh formation
(Timberwolf Mountain facies) intruded by dike NTM 10-14-1.
STM 10-15-2; Dacitic flow fran upper portion of the Timberwolf Mountain
shield volcano (south of peak 6243).
STM 10-15-3; Dacitic flow fran upper portion of the Timberwolf Mountain
shield volcano (southeast of peak 6243; Note; probably same as STM
10-15-2).
ETM 10-16-2A; Porphyritic andesitic dike, intrusive coiplex of Timberwolf
Mountain (saitpled west of peak 6175). Intrudes earlier shield
volcano flews.
ETM 10-16-2B; Andesitic flow of Timberwolf shield volcano intruded by
dike ETM 10-16-2A.
NTM 10-20-3; Basaltic andesite sill, intrusive conplex of Timberwolf
Mountain. Qontains arsenopyrite (?).
Basaltic andesite intrusion, intrusive ccrtplex of Timberwolf
Mountain (peak 5141).

NrM-10-20-4;

TM 10-24-1; Fine-grained dacitic flow fran the upper portion of the
shield volcano at Timberwolf Mountain.
STM 10-24-2B; Andesitic flow gathered necir peak 6243.
3.5 Ma and 7.8 + 3.7 Ma.

K/Ar date of 8.1 +
~

NBM 8-19-5945-2; Thin, platy basaltic andesite flow fran the apron facies
of Tieton Volcano.
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APPENDIX IV (continued)

NBM 8-19-6235-2; Platy interior of andesitic flow with thick, brecciated
flow-top frcm the apron of Tieton Volcano.
NBM 8-20-lA; Vesicular olivine basalt dike intruding apron flews of
Tieton Volcano. Probably equivalent to late Tertiary olivine basalt
plugs and flow mapped by Swanson (1978) on Bethel Pidge.
NBM 8-20-2; Brecciated basaltic andesite flow (apron of Tieton Volcano)
intruded by olivine basalt dike NBM 8-20-lA.
NBM 8-21-4A; Vitric andesitic flew frem the Tieton Volcano apron; K/Ar
date of 26.0 + 0.8 Ma.
BM 9-30-2;
BM 9-30-3C;

Basaltic andesitic intrusion frem Burnt Mountain (peak 6367).
Andesitic dike intruding the Burnt Mountain tuff.

NMJB 10-15; Aniygdular base of intercanyon flow fran base of Timberwolf
Mcxjntain shield volcano (probably base of MJB 10-15-A flow).
MJB 10-15-A; Intercanyon flew of basaltic andesite frem the base of the
Timbervolf Mountain shield volcano.
MJB 10-17-A; Andesitic flow, isolated remnant of an upper flow of the
Timberwolf Mountain shield volcano(?).
MJB 10-17-2A; Large clast of porphyritic basaltic andesite frem a debrisflow(?) deposit of the Tieton Volcano apron.
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